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Introduction. 

Through the kindness of Mr. Alexander Agassiz it was my privilege 

to spend the greater part of the summer of 1887 at the Newport Marine 

Laboratory. During the preceding winter I had been interested in the 

ttmcture of the eyes in Arthropods, especially in the inversion of the 

retina in Arachnoids and my instructor, Dr. E. L. Mark, had called my 

attention to the importance of ascertaining whether the retina in the 

compound eyes of Crustaceans was inverted or not At about this time 

Kingsley f 86*) published his preliminary account of the development of 

the compound eye of Crangon, and claimed that in this crustacean, as 

in spiders, the retina was inverted. For reasons which I shall mention 

in the course of this paper, Kingsley's account did not seem fully sat- 

■kctory to me, and consequently I decided to study for myself the 

development of the eye in a crustacean. My visit to the Newport 

Moratory offered an excellent opportunity to collect embryological 

Material for such a study. During August and September spawning 

Waters were easily obtained, and I therefore determined to study 

*•* eye in the lobster, Homaru* americanus, Edwards. A series of 

totters' eggs were collected, and before leaving Newport my observa- 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
ZtiktT, under the direction of E. L. Mark, No. XVII. 
▼ou. xx. — no. 1. 1 
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tiona had been carried far eiunu/fe-to satisfy me that the retina in the 
lobster was a simple ectoderm^c" thickening. On returning to Cam- 
bridge from Newport, the-; study of the lotxster's eye was continued in 
the Km biological l^torafrry at Harvard College, under the direction 
of Dr. Mark. Here; 1\ completed the observations on the development 
of the eye, and stjldied its histology. In the fall of 1888 a brief pre- 
liminary accou&£°<?f the results which are now presented in full was 
published h\ " The Proceedings of the Americau Academy of Arts and 
Sciences,\Vol/ XXIV. pp. 24, 25. 

In pru^krtng at Newport the necessary stages in the development of 
tho lobMir I proceeded as follows. 

female lobsters with eggs were obtaiuod from the fishermen, and 
• •kfegt in floating latticed bozos which were anchored in tho small cove 
**^h6side tho Laboratory. A few eggs were taken daily from each lobster. 
The reagents which I employed in killing the eggs were Klcincnhorg's 
picro-sulphurio acid, Pereuyi's fluid, a saturated aqueous solution of 
corrosive sublimate, and hot water. The eggs which were prefmred with 
corrosive sublimate were rendered almost useless by the subsequent 
formation of a tine precipitate. Those which were killed in KleiiK-n- 
liorg's picro-siilphuric acid and in Perenyi's fluid gave fair results ; 
the latter reagent loft the yolk in good condition for cutting. The 
best results, however, were obtained by tho use of hot water. Kggs 
which had lieeu prejMired iu this way could tie easily shelled, and the 
embryos could bo readily dissected from the yolk. The separation of 
the embryo from the yolk proved to tie a great advantage, and obviated 
the ueccssity of cutting tho yolk, a tedious process iu an egg as largo 
as the lobster's. 

In the following account of the development of the Intmtcr's eye, the 
stages which it is uecessary to descrilie are taken from different sets of 
eggs. These sets were from different lobsters, consequently I canuot 
state with exactness their relative ages. I shall therefore characterize 
them by their moat evident structural i>eculiaritics. Beginniug with tho 
earliest stage ami proceeding to the later ones, I have lettered them 
A, H, C, D, K, ami F. Set A is in tho stago of tho "egg-iiaup1iiiK N ; in 
this set the chararteristic three pairs of ap|HU)diij;eH are easily dint in- 
guihhuble. In set B the thoracic apjNMida^es have Uvun to funn. 
Thin Mtnije enm*] Kinds very closoly to what Beieheiilsieh ('*«>. Hate 111. 
Fig. II) bus deniguatcd iu the crayfish as stago II. In stage (' the 
fin*t trn«*«« of pigment iu the retina is visible. Stiure I) is from the 
same series of eggs as stage C, but is seven days older than (\ In tnith 
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stages C and D, the abdomen of the embryo is recurved, and reaches 
forward covering the space between the optic lobes. Stage E corre- 
sponds to the time of hatching. Stage F is represented by a young 
lobster one inch in length. 

The younger stages which follow the hatching of the lobster are 
obtained with considerable difficulty, and I am under obligations to 
several of my friends for material which covers this period. For some 
lobsters in the " Schizopod " stage I am indebted to Mr. Sho Watase. 
Mr. H. H. Field and Mr. Carl H. Eigenmann kindly collected for me 
some young lobsters one inch in length. From Mr. F. L. Washburn I 
received the eyes of several half-grown lobsters, six to eight inches in 
length. The material which I used in studying the histology of the 
eye in the adult was very kindly supplied to me by A. T. Nicker- 
son and Company, of Charlestown, Mass. 

Method*. 

The methods of staining, embedding, etc., which I have employed, 
are those known to all students of modern histology. In one case, 
the staining of nerve-fibres, I have used a method which I accidentally 
discovered while experimenting with Weigert's hematoxylin. 

In employing this method it is necessary to stain the sections on the 
•Vide. The way in which I have stained sections on the slide has already 
been described ('87, p. 175). Further experience has shown, however, 
that the successful employment of this method necessitates a careful 
obaervance of certain precautions. These I have not sufficiently em- 
phasized in my former account, and I therefore redescribe the method, 
calling especial attention to the precautions. The method consists in a 
cautious use of Schallibaum's fixative. The fixative which I have em- 
Ployed is composed of clove oil three parts and Squibb's flexible collo- 
foQ one part The mixture before being used should be allowed to 
rt*&dfor about a week. After several months it may become ineffective, 
"hen working, I usually employ the fixative frequently enough to fol- 
low its changes, and at the first signs of failure I make a new mixture. 
If for any reason I have not used the fixative for some time, I test it 
•Jth a few waste sections before employing it with valuable material. 
In uang it a moderate amount is applied to the slide, and the sections 
** paraffine are placed on it. The slide and its sections are now sub- 
W*& to a temperature of 58° C. for fifteen minutes. It is important 
to observe carefully both the length of time during which the slide is 
■••ted and the temperature to which it is raised. At the end of fifteen 
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minutes, the slide, while warm, is thoroughly washed with flowing tur- 
pentine. This can be applied conveniently from a small wash-bottlo. All 
of the paraffine should be removed from the slide before it liecomes 
cool, otherwise on cooling some paraffine may solidify. This is liable to 
loosen the film of collodion. The wash of turpentine should bo contin- 
ued not only till the paraffine is thoroughly removed, but till the slide is 
cool. Then, and not till then, can the turpentine be safely replaced by 
alcohol, first 95%, then 70%, 50%, and 35%, and finally it can be im- 
moraod in water. After once having got the slide with its sections into 
water, the subsequent treatment with alcohol and water seems to have 
no effect in loosening the sections, although the film of collodion will 
dissolve easily in ether. I have very generally employed this method 
of stainiug for two years, and as it obviates the difficulties which arise 
from maceration or jwirtial penetration of dyes, I use it in preference to 
staining in toto. I have lust very few sections by it, and such accidents 
as I have had were due, I beliovo, to a neglect of some of tho precau- 
tions which have been mentioned. 

Tho method of staining nerve-fibres which I have employed consists 
of a modified use of Weigert's hematoxylin. The tissue which was 
stained by this method was for the most part killed in hot water, 
although I havo also successfully stained nerve-fibres which were killed 
in chromic acid and Kleiuenbcrg's picro-sulphuric acid. Sections of the 
optic nerve which had been mounted on tho slide and carried into water 
were treated for al>out half a minute with an aqueous solution of 
potossic hydrate 1 \>%. They were then thoroughly rinsed in distilled 
water and transferred to Weigert's hematoxylin. Here they remained 
for atMMit three hours at a temjwraturo of 50° C. They were then 
rinsed again in d infilled water, carried through the grades of alcohol, 
and after living dehydrated with alcohol of about 1K>%, they were cleared 
in turpentino and mounted in benzole balsam. Each nerve-fibre when 
so treated had a distinct blue-gray outline. Tho sections do not over- 
stain even when they are kept in tho dye for a prolonged period, and 
then* is of course no subsequent decoloring. This method yields fair 
results when applied to nerves from any part of the lolmter's liody, but- 
it in enj>eciullv successful in treating that portion of tho optic nerves? 
which intervenes l>etween the retina and tho optic ganglion. 

Tiik Histology. 

Tin* two movable eye-stalks of tho lobster are situated one on eitheW 
aide of the rostrum, at tho angle which that structure makes with th9 
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anterior edge of the carapace. The form of the eye-stalk approaches 
that of a short cylinder terminated by a hemisphere. The cylindrical 
part of the stalk resembles the general surface of the body in that it is 
covered with a tirm, calcified cuticula. Excepting a portion of the 
surface next the rostrum, the whole of the hemispherical part during 
life ia black, and covered with a flexible cuticula. The black area de- 
fines the position of the retina. That portion of the hemispherical 
surface which is not black, and which faces the rostrum, is covered with 
a peninsula-shaped piece of inflexible cuticula. A broad isthmus of 
the same kind of cuticula connects this with the shell of the cylindrical 
part. The absence of the retina from the peninsula-shaped portion of 
the hemisphere is due in all probability to the fact that the field of 
vision for this part of the hemisphere is cut off by the rostrum. The 
remainder of the hemisphere, that part on which the retina is devel- 
oped, faces away from the lobster's body, and its field of vision is not 
permanently obstructed by any part of the animal. 

A section perpendicular to the surface, and cutting the eye-stalk in a 
region where the cylindrical and hemispherical parts unite, is shown in 
Figure 26. The thick, calcified cuticula of the cylindrical part is indi- 
cated at da. On the inner surface of this cuticula is a thin hypoder- 
mis (A </.). The hypodermis is bounded on its inner face by a basement 
membrane (mo.). The cuticula of the hemispherical part (crn.) is thin 
and flexible. It can be designated by the name corneal cuticula. 
(Compare Patten, '86, p. 544.) Besting on the deep face of the corneal 
cnticula is the thick cellular layer, named by Lankester and Bourne the 
ommateum (omm 1 .). The proximal face of the ommateum is limited by 
i basement membrane, which is continuous with that bounding the 
corresponding face of the undifferentiated hypodermis. The ommateum 
ii continuous with the hypodermis, and in fact can be regarded as a 
ta&ening of that layer. Carriere C85, p. 169) has already pointed 
out in the eye of Astacus a similar relation between the hypodermis 
ttd ommateum, and he believes that this relation holds good for all 
Decapods. 

On inspecting the external face of the corneal cuticula, one finds it 
divided into an immense number of square facets, one of which is shown 
m Figure 2. Although as a rule the outline of the facet is square, it is 
** invariably so ; for on the margin of the retinal area close to where 
the ommateum passes over into the undifferentiated hypodermis, the 
°Qtline often becomes somewhat irregular, and more frequently presents 
toe form of a hexagon than of a square (Fig. 59). The number of facets 
* each eye of an adult lobster is about 13,500. 
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In the ommateum the cells are arranged in specialised groups or 
ommatidia. There in a single ommatidium under each corneal facet, 
consequently in any given oyo the number of ommatidia equals the 
number of facets. The cellular composition of each ommatidium is 
best understood from a comparison of longitudinal and transverse sec- 
tions. Figure 1 represents a longitudinal section through an ommatid- 
ium. The thick lamellated layer (crn.) at the distal end is the corneal 
cuticula. Directly below this is a thin layer of cells, the corneal hypo- 
dermis (cm. hd.). Following on the corneal hypodermis are the cone- 
cells (ct con.). They are very long, and extend from the corneal hypodermis 
iuward till their proximal ends disappear iu the deep part of the retina, 
In reality they terminate upon the basement membrane. Their distal 
ends in the region of the crystalline cones are surrounded by pigment- 
cells, to which I give the name distal retinulie (rtn r . dtt.). These, like 
the cone-cells, extend to the deeper part of the retina. Here the proxi* 
mal retinulie and accessory pigment-cells occur. The proximal retiuuh* 
are elongated cells (tin!, px.) 9 and contain black pigment They sur- 
round the rhabdomes (rhb.). The accessory pigment-cells are irregular 
cells, which fill the space between the deep ends of the proximal reti- 
nuUu. They contaiu a pigment which is whitish by reflected and yellow- 
ish by transmitted light. Their nuclei are shown at nl. />*/., Figure 1. 
The last two kiuds of pigment-cells described rest upou the basement 
membrane (mb.) ; below this membrane the fibres of the optic nerve 
cau \m seen (n.fbr.). 

From this description it will be seen that tho ommateum lies between 
the conical cuticula and tho basement membrane, and is coinfmsed of 
the following kinds of elements: cells of the corneal hypodermis, cone* 
eel Ik, ditttul retinulie, proximal retinulie, and accessory pigment cell*. 
Tho uumlwrs and positions of these cells are best made out from trans- 
verse sections. The several kiuds of cells will be discussed in the order 
named. 

Thr Corneal I/t/podrrmU. 

That the corneal cuticula in Decapods is ncparated from the cone-cclli* 
by un intervening layer of cell* is a view which has been held only by* 
recent investigator*, (irenacher ('79, p. 123), in his account of the eye*» 
in I>(vu}«mIh make* no mention of such a layer, and leaves one to con 
elude that the conc-cvlls abut agaitmt the cuticula. Claim (*8f>, j>. 57 > 
sintpcvtcd the presence of a corneal hypodermiH in Decapods, Nchizopodsw 
and Stomatopods, but his search for it was in vain. 
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The view that the cuticula and cone-cells are in contact, is strongly 
contrasted with that maintained by Patten ('86, pp. 626, 642). Ac- 
cording to this writer, the corneal cuticula is due to the activity of a 
layer of cells, the corneal hypoderinis, which intervenes between the 
cuticula and the cone-cells. Patten has identified the corneal hypo- 
dermis in the following genera of Decapods : Penaeus, Paleemon, Pagurus, 
and Galathea. It has also been described by Kingsley ('86, p. 863) in 
the eyes of Crangon, and by Herrick ('86, p. 43) in the eyes of Alpheus. 
Carriere ('89, p. 225) has recorded it in the eye of Astacus, and there is 
now good reason for believing that a corneal hypodermis exists in the 
eyes of all Decapods. 

Patten's statement ('86, pp. 665, 666) that the corneal hypodermis 
u has been invariably overlooked by Grenacher," and Kingsley's asser- 
tion f86, p. 863) that the existence of the corneal hypodeYmis " was 
utterly ignored by Grenacher," are perhaps a trifle too strong. It seems 
much more probable that Grenacher confused the nuclei of the cone- 
cells and corneal hypodermis. He evidently never saw both kinds of 
nuclei in the eye of the same Decapod. In some cases be may have 
described the nuclei of the cone-cells, in other cases those of the corneal 
hypodermis. In both instances what he described he took to be the 
nuclei of the cone-cells. In the eye of Mysis, I believe that he ('79, 
p. 118) described the nuclei of both the cone-cells and corneal hypoder- 
mis, although in this case he was of the opinion that both sets of nuclei 
belonged to the cone-cells. Where only one set is figured, it is difficult to 
decide whether he has given the nuclei of the cone-cells or of the corneal 
hypodermis. So far as I am aware, there are always in each ommatid* 
iron of a Decapod two hypodermal nuclei, and four nuclei in the cone- 
ceUt This numerical relation is sufficient to distinguish the groups of 
nuclei, but it can only be employed satisfactorily where transverse sec- 
tions it the proper niveau are given. Unfortunately, in the Decapods, 
Grenacher did not figure any such sections, and it is therefore difficult 
to decide in particular cases which kind of nuclei he has described. 

In the lobster a well differentiated corneal hypodermis has already 
tan pointed out (Fig. 1, crn. hdL). In transverse sections this presents 
^appearance of squares of granular protoplasm (Fig. 3). Each square 
contains two nuclei, and is bounded by a membrane. A narrow space 
ailed with granular substance separates the membranes of adjacent 
*}uarea. From the longitudinal section (Fig. 1) it will be seen that 
ttae squares are relatively thin, so that their proportions are somewhat 
"b those of square tiles. The outer face of the tile is flat ; its inner 
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face is hollowed, however, bo that its centre is the thinnest part. In a 
few cases the corneal hypodermis has appeared as cubical blocks, rather 
than as tiles. This thickened condition probably indicates an increased 
functional activity, and the more frequently occurring tile-like condition 
may correspond to a quiescent stage. 

The two nuclei contained in each square are placed some distance 
apart, and on one of the diagonals of the square (Fig. 3). Their long 
axes are approximately jiarallcl to the other diagonal. In a given eye all 
the squares agree in having the nuclei on parallel diagonals. Tho pres- 
ence of two nuclei in a square indicates that tho square consists of two 
cells. Any membrane separating tho two cells must necessarily pass 
between the two nuclei, but all attempts to discover such a membrane 
have failed. However, for a reason which will be given shortly, I be- 
lieve that the protoplasm of the hy|>odcrmal square is divided by the 
diagonal which lies between tho nuclei. In tho centre of each square 
several oval or round outlines are usually visible (Fig. 3). These are 
vesicular bodies which occur in tho distal ends of the cone -cells, ami 
which can be seen through the very thin corneal hypodermis. 

The corneal cuticula is the result of the activity of the conical hypo- 
dermic Viewed from the surface, tho cuticula is divided by narrow 
hands into square facets (Fig. 2). Each facet is external to a hy potior- 
mal square. The proximal and distal faces of each facet, as can be seen 
in the tranH%'erse section (Fig. 1), are very nearly flat, tho proximal 
fare only l>oiiig a trifle convex. This convexity, however, is so slight 
that one cannot attribute to tho facet the character of a lens. 

When a piece of conical cuticula is cleaned by treating it with pota*- 
sic hvdrate, and is then examined in water, the markings which art* 
visible with difficulty in preparations mounted in Imlsatn are easily seen. 
Kach facet in addition to its narrow limiting bands has a faintly marked 
diagonal band which divides the square into two equal triangles (Fig. 2). 
In the different facets of a given eye tho diagonal bands are parallel. 
Newton ('73, j>. 327, Plato XVI. Fig. 3), in describing the structure of 
tho eye in the Iulmtor, states that each facet is crossed by two diagonals 
at ri^ht angles to each other. This statement I cannot confirm, for, 
although I have searched with care, I have never succeeded in finding 
more than a single diagonal in each facet. In the middle of the diagonal 
then* in an irregular hazy patch. This at times lias a distinctly marked 
cn»*»* in it. When the cross is present, one of its axes lies in the diagi>- 
ual hand, the other extends at right angles to the band (Fig. 2). 

Whether all of these markings extend through the suhatance of the 
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cuticula, or whether they are confined to its surface, is difficult to say. 
The production of the cuticula is such a uniform process that one would 
naturally expect to find that the marking extended through it, for the 
successive layers would be similarly marked, and thus bands would be 
established extending from its deep to its superficial face. Concerning 
the vertical extension of the bands between the facets there is no ques- 
tion, for in transverse sections of the cuticula (Fig. 1, x) they reappear 
in their proper positions, and extend from one surface to the other. 
Owing to the roughness of the cut face, they are much less readily de- 
tected in sections than when viewed from the outer surface of the cutic- 
ula (compare Figs. 1 and 2). The diagonal band and its central spot 
have not been observed in transverse sections, even when the plane of 
section is in the most advantageous position for demonstrating these 
structures. Notwithstanding their apparent absence, both may be pres- 
ent, although indiscernible. For even in the superficial view, when the 
outline of the facet was so readily visible, the diagonal band was only 
faintly seen. In transverse sections, where the distinct boundary of the 
facet is visible with difficulty, one should not expect to see the much 
fainter diagonal On comparing the diagonal band and the boundary 
of the facet by focusing through the corneal cuticula, I was unable to 
distinguish a greater vertical extension in the one than in the other. 
Since it has been shown that the boundary of the facet extends through 
the cuticula, this observation supports the conclusion that the diagonal 
band also extends through it. 

Patten ('86, pp. 626, 627) has described in the facet of Penseus a 
band which has many resemblances to the diagonal band in the lobster. 
It is not diagonal, however, but transverse, and divides the square facet 
into two equal rectangles, in which the sides are in the proportion of 
one to two. I have already given my reason for believing that the 
diagonal band in the cornea of the lobster extends through the sub- 
stance of the cuticula. Patten states that the transverse band in 
Penaeus is only a superficial structure, and says ('86, p. 627) that in 
r Wning the cuticula " when the treatment with caustic potash has been 
carried to excess, all markings disappear except the contours of the 
facets." I have subjected the corneal cuticula of a lobster to a boiling 
solution of potassic hydrate (75%) for a quarter of an hour, and, al- 
though the potash completely cleaned the cuticula, the outlines of the 
facets, the diagonal band, and its spot were as readily visible after this 
treatment as before. A second and third trial with the same piece of 
did not noticeably effect the markings. In this respect, then, 
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the diagonal band in the lobster is materially different from the trans- 
verse band in Peuseus, and I conclude that in the cornea of the lobster 
the limiting and diagonal bands are essentially similar in that they both 
extend through the cuticula. 

In all probability the bands between the facets were produced during 
the secretion of the cuticula by the interference of the partitions which 
separate the hypodermal squares. If this be true, it is probable thai 
the diagonal bands represent a like interference. It is important to 
notice that the diagonal band in the cuticula corresponds to the imagi- 
nary diagonal which lies between the nuclei of each hypodermal square, 
never to the diagonal which crosses the nuclei (compare Figs. 2 and 3). 
This diagonal then corresponds to the position in which one would look 
for a membrane between the pair of hypodermal cells ; and although 
such a structure has not been observed, the diagonal band in the cornea 
is a strong indication of its presence. 

Admitting this to be the significance of the diagonal band, it is but 
natural to expect that, if deeper cells touch tho cuticula, they would pass 
outward between the hypodermal cells. The fact that the haay patch 
which lies in the middle of the facet is always on the diagonal band* 
and directly external to the distal tips of the cone-cells, leads to the 
beliof that this patch marks tho place where the cone-cell* pass between 
tho cells of tho hypodormis and touch the cuticula. I am not of opin- 
ion that the patch is produced by tho secretion of the cone-cells, al- 
though I have no evidence that tho cone-cells cannot produco cuticula 
at their distal tips. It socrus to me more probable that they havo given 
rise to tho patch by a series of interrupted interferences with the 
tivity of tho corneal hypodormis. If such ho the case, a distinct 
might be produced when the area of interference was definitely circutn- 
BcriUnl. When tho area was not so sharply bounded, a hazy patch with 
indistinct outlines might be tho result. 

From the facts which have been presented, I conclude that each hypo- 
dermal square consists of two flattened cells, triangular in outline, and 
very intimately applied on their longest sides. 

The Cone+elU. 

One of the most important questions in the anatomy of the oe)U of 
tho crystalline cones (retinophone) concerns the relation which these 
evils bear to tho rhabdomu. Max Schultse was tho first to maintain 
('07, p. 407) that tho cone-cells and rhalKlomes were separate struc- 
tures, (irenacher's researches lead to the same conclusion. As an oppo- 
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nent of this view, Patten (*86, p. 670) has claimed that the cone-cells 
and rhabdome were continuous, and in fact that the rhabdome of the 
compound eye was only an enlargement of the proximal end of the cone- 
celL Kingaley ('86, p. 863) in his description of the eye in Crangon 
supported Patten's view. 

Of those authors who maintain the separateness of the cone-cells and 
rhabdome, no one, I believe, has given a fully satisfactory account of the 
way in which the proximal ends of the cone-cells terminate. Grenacher, 
in describing the eye in Palsemon said (79, p. 1 23) : " Die fein ausge- 
sogene Spites dieser Pyramide [the cone-cells] durchsetzt, bevor sie in 
contact mit der Retinula tritt, zuerst eine in Form eines Hohlcylinders 
sie umhtillende Pigmentmasse um sich dann in das Vorderende der 
Retinula eine Strecke weit einzusenken." A more detailed account was 
given by Schultze, who, after stating ('68, p. 10) that in some crusta- 
ceans the cone-cells appeared to terminate a little in front of the distal 
end of the rhabdome, said that in the crayfish " geht der Krystallkegel 
nach unten in vier Spitzen aus, welche sich aus den vier Kanten der 
Obernache entwickeln und das obere Ende des nervosen ebenfalls vier- 
kantigen Sehstabes umschliesseu. Die vier Spitzen legen sich dabei an 
die Kanten dee letzteren an und laufen als lange feine Faden auf der 
Oberfiache des Sehstabes herab, diesen umklammernd und mit ihm ober- 
flachlich verbunden aber durch Maceration isolirbar. Gegen das Ende 
spitzen sie sich fein zu und verlieren sich auf der Oberfiache des Kdrpers, 
den sie umfassen.'* This account is the most complete of any that I 
have seen, and yet that Schultze was not fully satisfied that he had seen 
the proximal termination of the cone-cells is probable from the fact that 
he says the fibres are lost on the surface of the rhabdome. 

The relation of the rhabdome to the cone-cells, and the way in which 
these cells terminate in the lobster, is as follows. As in other Deca- 
pods, each ommatidium in the eye of the lobster contains four crystalline 
cone-cells. Together these cells form an elongated pyramid, with its 
tae next the corneal hypodermis and its apex on the basement mem- 
fane (Fig. 1, d. con.). At the distal end of the ommatidium, in the 
region which corresponds to the base of the pyramid, the four cells 
ve closely applied to each other. This condition is maintained till 
ti* deeper part of the ommatidium is reached. Here the four cells, 
rednced to fibres, separate and end independently on the basement 
membrane. 

A transverse section of the distal ends of the cone-cells is shown in 
Rgore 4. On the external faces of each group of four cells there is a 
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distinct bounding membrane (mb. pi ph.). This can be called the periph- 
eral membrane. The four cells in each group are separated one from 
another by delicate membranes (mb. % cl.), which often show undoubted 
continuity with the peripheral membrane. These membranes, since they 
lie between the cone-cells, can be called the intercellular membranes. 
The distal end of each cell contains coarsely granular protoplasm and a 
nucleus (Fig. 4, nl. con.). The nuclei usually lie in the external angles 
of the cells, and do not readily take up coloring matter. The terminal 
granular protoplasm of the four cells forms a distal cap (Fig. 1, cap.). 
This cap fills the concavity on the proximal face of the corneal hypo- 
dermis, and its central distal tip probably passes between the pair of 
hypoderraal cells and touches the cuticula. The spot or cross which is 
thus probably produced in the centre of each facet has already been 
described. 

Below the cap of granular protoplasm is the crystalline oone. The 
firm peripheral membrane of the cap is continued over the oone and 
proximal part of the cone-cell. The distal end of the cone in cross- 
section is a square with rounded angles. At this end there is no indi- 
cation of a division of the cone into four segments corresponding to the 
four cells. A transverse section midway the length of the cone (Fig. 5) 
shows no features ossontially different from those of the section across 
the distal end. The proximal end of the cone in cross-section is nearly 
circular (Fig. 6). On the sides of this end of the cone one often notices 
small re-entrant angles (Fig. 6, x). The peripheral membrane dips into 
these. The angles are usually four in number, never more, and occupy 
positions which indicate the planes of separation totwecn the four oone*- 
cells, lu some cases delicate membranes originating from the angles di- 
vide the tmtmtanco of the cone into its four constituents (Fig. 6, mb. i r/.). 
These membranes correspond in position to the intercellular membranes 
at the distal end of tho cone-cells. The substance of tho cone is very 
finely granular. Tho four constituents of each cone terminate very 
nearly at one level. In passing in a proximal direction through a scries 
of sections, the substance of tho cone is last seen as a thickening which 
flanks the cell membranes, csjttcially tho intercellular membranes. 
(Coin pure Fitf*. 1 and ft.) 

IU»low the cones the outlines of the four cone-cells are well marked 
by l»oth peripheral and intercellular membranes (Fig. 7). Tho inter, 
cellular mornbraues are continuous with those seen in the proximal end* 
of some coues. In thin region the colls contain coarsely granular proto- 
plasm. In passing from the deep ends of tho cones to the proximal 
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retinulse, the most striking difference noticed in the cone-cells is a dimi- 
nution in their diameter. (Compare Figs. 1, 6, and 8.) On a level with 
the distal ends of the proximal retinulse, the groups of cone-cells still 
retain their four-parted character (Fig. 9, cL con.). Each group is easily 
traced between the retinulse till it approaches the distal end of the 
rhabdome. The change which here takes place is represented in Fig- 
ure 12. Of the four ommatidia which are shown in this section, the one 
indicated at a is cut slightly above the rhabdome. In the case of om- 
matidia 6, Cy and <L, the plane of section passes through the end of the 
rhabdome. In each of these three, it will be noticed that the rhabdome 
is surrounded by four bodies, which correspond in position to the four 
cone-cells. The four ommatidia which are drawn in Figure 12 are in 
no way exceptional, but represent a very usual condition. Many such 
cases have been examined, and whenever the tip of the rhabdome was 
in the section, it was invariably surrounded by the four bodies previously 
mentioned. When, on the other hand, the plane of section did not pass 
through the rhabdome, only the four cone-cells were present. The 
round bodies at the sides of the rhabdome can be traced from section 
to section, and I therefore believe them to be fibres. Moreover, there 
is no break observable in their continuity with the cone-cells, and I 
therefore further believe that they are the fibrous prolongations of the 
cone-cells. They have one peculiarity which is worthy of comment. 
As the cone-cell passes over into the fibre, a considerable diminution in 
its diameter takes place. This is accomplished at the distal end of the 
rhabdome, and within a space equal to the thickness of one or at most 
two sections (7.5-15 ft). Occasionally there is to be seen a group, in 
which one or two cells have been reduced to fibres, and the remaining 
ones are as large in transverse section as an individual in ommatid- 
ium a (Fig. 12). The conclusions which are arrived at from the study of 
lections are confirmed by isolation-preparations. Figure 28 represents 
t portion of an isolated group of four cone-cells from a single omma- 
tidiura. In the distal part of the specimen the four cells are intimately 
bound together, but at the proximal end they appear as four separate 
fibres. As in the transverse section (Fig. 12), the continuity of the 
fibrous and thicker portion of the cone-cell, and the rapid reduction of 
the cone-cell to form the fibre, are plainly seen. The cone-cells are usually 
ftxnewhat separated before they reach the rhabdome. It can scarcely 
be teid that they touch the rhabdome, although this is the region in 
which they are nearest to it. As the fibres pass into the deeper part of 
the retina they are found to lie nearer the periphery of the ommatid- 
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turn. They lie between the proximal retinuta, but at some 

from the rhabdome (Fig. 14, d. eon.). They still retain, however, the 

same relative positions in the ommatidium. Their peripheral location 

it maintained (Fig. 17) till they are very close to the basement 

membrane. 

The changes which the fibres undergo as they approach the basement 
membrane is shown in Figure 19. In this section the plane of cutting 
was slightly oblique to the basement membrane. Of tho three omma- 
tidia which are here represented, those indicated at e and d are out at 
about the same level, and very close to the basement membrane. Om- 
matidium b is cut farther from the membrane than either e or <L The 
fibres of the coue-oells are closer to each other in e and d than in b. 
As this condition is generally true in other sections, it follows that, as 
we approach the basement membrane, the fibres of the cone-cells con- 
verge. The convergence is also shown in Figure 21. Of the omma- 
tidia hero figured, b is cut farthest from the basement membrane. In 
it the four cone-cells (el. eon.) can be seen, and between them a dot 
which represents tho proximal end of the rhabdome (rkb.). Nearer the 
basemont membrane is ommatidium a, in which the four cone-cells can 
bo recognised, and to one side a fibrous area. The rhabdome does not 
extend as deep as this. The fibrous area represents a region in which 
the plane of section passes through an elevation on the distal face of 
tho basement membrane. Ommatidium d is still nearer the membrane. 
The cone-cells are here brought more closely together, and are sur- 
rounded by the fibrous sutwtance of the elevation. The form of the 
elevation is now seen to be that of a cross. At x is shown a basal section 
of the cross-shaped elevation surrounded by four largo openings through 
tho basement membrane. Tho cone-cells are no longer visible at this 
lcvol, and I therefore believe that without penetrating the basement 
membrane they terminate in these elevations. This belief is further 
supfiorted by tho fact that in transverse sections of tho basement mem- 
brane the cone-colls distinctly end in the sulwUnoe of these elevations 
(Fitf. 29, cL con.). 

The facts obtained from a study of the lobster's eye support the claim 
made by Schultxe and (Jrenacher, thst tho cone-cells and rhabdomes are 
se|Mirate structures. In the case of tho crayfish, Schultxe, moreover, 
saw the prolong ion* of the cone-cells, and traced them into the deeper 
jrnrt of the retina. It is protmhlo that in the crayfish, as in the lobster, 
the fibrous ends of the cone-cells terminate, in the basement membrane, 
but this Schultxe did not see. Such an omission is by no means sur- 
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prising; for when we reflect upon the methods at his command, it is 
remarkable what success he had in tracing the course of the fibres, and 
in demonstrating the relation of the cone-cells and rhabdome. 

Patten has advanced the view that the cone-colls are provided with 
an axial nerve-fibre, and that the cone itself is the true perceptive ele- 
ment. I shall defer the consideration of this topic till I describe the 
innervation of the retina. 

The Distal Retinulce. 

Surrounding each crystalline cone are two pigment-cells, the distal 
retinuke. These cells not only surround the cone, but extend as fibres 
into the proximal part of the retina (Fig. 1, rtn!. d*t). 

The relation which the distal retinuto sustain to the cone can be 
studied most readily in transverse sections. In a section passing 
through the distal end of the cone (Fig. 4, ommatidium a), it will be 
observed that of the four lateral faces which the cone presents, two, the 
lower and left-hand ones, are covered by a single retinula (rtn 1 . dst.). 
The retinula is thickest at the lower left-hand angle of the cone, and 
becomes thinner the farther it extends on the two adjacent faces. At 
the more distant edges of these two faces the retinula terminates. 
Thus the retinula is composed of a central portion and two blade-like 
extensions. Each blade covers one face of the cone. The second 
retinula is essentially like the one just described, but lies at the upper 
right-hand angle of the cone and covers its upper and right-hand 
foes. In this way the four faces of the cone are sheathed by a pair of 
retinuls. 

On inspecting the arrangement of the retinulee in adjoining omma- 
tidia (Fig. 4), it is evident that they are so placed that the thick end 
of each blade-like portion is opposite the thin end of the blade of a 
neighboring retinula, and that, in passing along the space between the 
cooes, as one retinula becomes thicker the other becomes thinner. The 
delicate membranes which separate the blades consequently extend 
obliquely across the spaces between the cones (Fig. 4). In the space 
which is left between the angles of four adjoining cones the mem- 
branes of the retinulflB are very much thickened. That this is a 
thickening in the membrane of the retinula, and not due to substance 
produced by the cone-cells, seems probable for two reasons. First, the 
membrane is often somewhat thickened in regions between two retinulae, 
ud where the cone-cells could not well touch it Such thickenings are 
directly continuous with the larger ones already mentioned (Fig. 4). 
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Secondly, in isolation-preparations the thickenings always remain at- 
tached to the retinulie ; the cones, on the other hand, are covered with 
membranes of uniform thickness. The thickening in the membrane 
is not characteristic of the whole length of the ret inula, but is pecu- 
liar to the region corresponding in level to the distal end of the cone 

The foregoing description applies to the structure of the distal 
retinuhe as seen in the plane of Figure 4. This plane passes through 
the outer ends of the cones. In other regions the retinuhe present 
somewhat different conditions. The relation of the retinuhe to the 
hypodermal squares is shown in a section (Fig. 3) which is slightly 
more superficial than that just described. The two retinula? which 
were located at the two angles of the cones here occupy the corre- 
sponding angles of the hypodermal squares. They do not, however, 
entirely cover the four lateral faces of the square, as they did those of 
tho cone, but from the angles at which they are located they extend 
over half of each of the adjoining faces. It follows from this that 
together they flank only one half of tho lateral exposure of the square. 
Tho blades are now no longer wedge-shaped in transverse section, nor 
do they overlap neighboring blades, but each ono stretches completely 
across tho s|)ace in which it lies. Of the lateral surface of the square, 
that half which is not sheathed by its own pair of retinula* is covered 
by the anus of four adjacent retinula*. Consequently, six rctiimLf in 
all touch each hvjxxlennal square. Two of these belong to the omma- 
tidiuin which in represented by tho square ; four belong to adjoining 
ommatidia. The relation of these will 1h> readily seen by referring to 
Figure .'i. 

In |nu<Miitf from the plane in which each cone is surrounded by its 
own pair of retinuhe to the one in which the corres|>oiiding hypodermal 
square in surrounded by nix retinulie, tho blades of the two retinuhr 
proper to the cone undergo a gradual narrowing ; so that, instead of 
each blade covering the whole of ono face of the cone, it covers lean and 
lean, and eventually sheathes only ono half of the corresponding face of 
tho hyfMidernial square. As the blades of the retinula? become narrower, 
they ei|)Ofte the surface of the cone, but this is still kept covered by the 
retinuhr of adjoining oinuiatidia. In any onitnatidium there are four 
blades which Ur<»i ue narrow, consequently there are four regions in 
which adjacent retinulie touch the cones; and as there is a sejiarate 
retinula for each region, it follows that four additional retinulie here 
come in contact with the cone. 
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The distal retinulae touch the cuticula along the band which marks 
the boundaries of the facets. That the retinulae contribute to the 
formation of the cuticula is very improbable, although I believe that 
it ia largely through their interference that the outlines of the facets 
are produced. 

The lateral surfaces of each cone are completely enclosed by retinulae ; 
the pair of retinulae belonging to the cone play the principal part. 
That portion of each ret inula which encloses the proximal two thirds of 
the cone is densely pigmented (Fig. 1). In transverse sections through 
the pigmented region one can see that each cone is completely Bur- 
rounded by a pigment band. On a level with the middle of the cone 
each ret inula contains a nucleus (Figs. 1 and 5, nl. dst.). This is im- 
bedded in pigment. The membranes of the retinulae are less distinct in 
the pigmented region than near the distal end of the cone. The only 
membrane which was observed (Fig. 5) was one which corresponds to 
the thickened membrane shown iu Figure 4. At the proximal end of 
the cone, the retinulae rapidly contract till they are reduced to fibres 
(Figs. 6 and 7, rtn 1 . dst). The pigment is present for only a slight 
distance below this level. The fibres of the retinulae are grouped in 
pairs, an/1 in this relation extend to the proximal part of the retina. It 
is noticeable that the two fibres which constitute a pair are derived, not 
from a single ommatidium, but from two adjacent ommatidia. These 
fibres when seen in longitudinal sections were probably mistaken by 
Newton ('73, pp. 328, 329) for an investing membrane. At least, in 
til attempts to demonstrate the existence of such a membrane I have 
failed, and there is so strong a resemblance between the fibres of the 
distal retinulae and the structure which Newton figured ('73, Plate 
XVII. Fig. 15) as the cut edge of an investing membrane, that I am 
inclined to think them identical. Transverse sections from the proper 
region would have settled the question whether these bodies were fibres 
or membranes, but unfortunately Newton has not figured any such 
sections. 

The pair of fibres in passing from the basal ends of the cones to the 
proximal retinulas retain the same relative position, and are only slightly 
reduced in diameter. (Compare Figs. 7 and 8, rtn 1 . dst.) Deeper than 
this, they are still identifiable, and can be distinguished from the fibres 
of the cone-cells by their slightly greater diameter, and by the fact 
that they are always in pairs. They lie in the space between four 
ommatidia. (Compare Figs. 12, 15, and 18.) Till within a very short 
distance of the basement membrane they maintain the condition shown 
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in Figure 18, rtn f . dtt. Beyond this I have not been able to trace 
them with certainty. The groups are no longer observable, and it is 
probable that the fibres have separated. I know that in this region the 
other cells suffer a very considerable rearrangement ; and such being 
the case, it would be a very difficult matter to identify single fibres, 
especially fibres as small as these are. I have not found any satisfactory 
method of staining tho fibres so as to distinguish them, as in the esse of 
the fibrous ends of the cone-cells. I can therefore claim to have traced 
the fibres only to within about 20 /* from tho basement membrane. 

As I have already meutioned, the distal face of the basement mem- 
brane has cross-shaped thickenings on it In the angles which the arms 
of the cross make with each other, the basement mombrane is perforated. 
There are consequently around each cross four openings through the 
membrane. Each opening, however, lies between two crosses, so that in 
reality only one half of each opening belongs to a givon cross, or, if one 
counts whole openings only, half of the four openings, i. e. two opening!, 
belong to each cross. The crosses correspond in number and position 
to ommatidia, hence there are also two openings for each ommatidiutn. 
In each opening, beside three or four large fibres which will be described 
later, one finds a single small fibre (Fig. 21, tin 9 . d*t.). That yiis fibre 
represents the continuation of tho fibrous end of a distal retinula seemi 
pmlmble, for two reasons. First, the diameters of this fibre and of the 
fibrous jxirt of the distal retinulie are so nearly the same as to he undi»- 
tiiiguishahlo. Secondly, tho ntuiilicr of fibres which pass through the 
liasemcnt membrane, two for each ommatidium, agrees with the nuinlw 
of distal rctiuuhe in each ommatidium. I therefore lielieve that the 
small fibres which are seen in the o|H>niiigs through the basement mem- 
brane are the proximal continuation* of the fibres of tho distal ret i mil*. 
If this explanation lie true, then it is only natural to exjwet that, ass 
pair of fibres approaches the basement, the individual fibres should 
separate, one passing through each o]>ening. As I have already ci* 
plained, the fibres, while separated, could l>o identified only with great 
difficulty. 

If the fibres pass through the basement membrane, as I Indieve they 
do, they terminate only a short distance below it. For at alioiit 15/4 be- 
1<>* the membrane all of tho fibres are of nearly the same sire, i. e. son** 
shut larger than the large fibres which pans through the membrane 
(Fur. --). In this region, then, the smaller fibres have either increased 
to the size of the larger ones, or diminished till no trace of them is left. 
The fibres hero are in grou(»s, however, and these are directly continu* 
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ous with the groups which pass through the membrane. Each group of 

large fibres as it passes through the membrane consists of either three 

or four individual fibres. If the smaller fibres disappear, the groups 

below the membrane should consist of three or four fibres also ; if, on 

the other hand, the smaller fibres increase in size, the deeper groups 

should consist of four or five fibres. By either method of change there 

would be groups of four fibres, so that it is the groups of three or five 

fibres which will be decisive. As a matter of fact, the fibres are very 

commonly in groups of three, and not in groups of five ; consequently I 

conclude that the smaller fibres dwindle out a short distance below the 

basement membrane. 

The distal retinulae have not been identified in many Decapods. 
Carrier© ('85, p. 169) has described them in the eye of Astacus. In 
Petrous, Patten f 86, p. 634) has observed four cells which belong to 
the pigmented collar of the retinophora. Two of these, the inner ones, 
evidently correspond to the distal retinuta of the lobster. They sur- 
round the cones. The other two, the outer ones, appear to have no 
homulogue in the lobster's eye. 

The Intercellular Spaces of the Retina. 

In the region of the retina which lies between the proximal ends of 
the cones and the distal border of the deeper band of pigment, the 
groups of cone-cells and the pairs of distal retinulae are separated by 
considerable intervening space (Fig. 1, spa. % el). This space is filled 
with a fluid which contains a very small amount of albuminoid sub- 
stance. Patten £86, Plate 31, Fig. 73, x) has figured a similar fluid- 
filled space in Penaeus. On the application of heat this albuminoid 
substance in the lobster coagulates and forms larger or smaller vesicular 
Wies, which vary much in size. They are usually loosely attached to 
the cone-cells and the fibres of the distal retinulae. They readily take 
n P coloring matter. They have never been observed in fresh retinas 
Then teased in normal salt solution, nor in maceration-preparations. 
It wu probably these bodies which Newton (73, p. 329, Fig. 15, d) 
described as the nuclei on the investing membrane. 

In addition to the albuminoid substance which I have described, one 
occasionally meets with a thin layer of homogeneous material which 
lies slightly in front of the rounded ends of the proximal retinulae. 
This forms a dividing membrane which separates the retina into a prox- 
u&al and distal portion. The membrane is of course pierced in many 
places. There is an opening in it for each pair of distal retinulae, and 
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each group of cone-cells. In many cases the membrane has not been 
observed. It was noticed by Newton (73, p. 328), and as it is non- 
cellular it is probably a feeble representative of what Herrick ('86, p. 44) 
has described as a " chitinous " framework in the deeper part of the 
retina in Alpheus. 

The Proximal Retinulce. 

The proximal retinuke are pigment-cells which closely invest the 
rhabdome. With the brownish accessory pigment-cells they constitute 
the proximal band of brownish black pigment on the distal side of the 
basement-membrane (Fig. 26, pig. px.). In some cases they appear to 
terminate distally in rounded knobs, each of which contains a nucleus 
(Fig. 1, rtnf. px.). In other instances, and these are of frequent occur- 
rence, their distal ends, iu addition to having a swollen nucleated part, 
are prolonged into delicate fibres (Fig. 30). These fibres when present 
extend toward the outer surface of the retina, and are applied, not to 
the cone-cells, but to the fibrous portion of the distal retinuloe. The 
fibres have been traced only a short distance beyond the rounded ends 
of the cells from which they originate. As the region into which they 
extend is one readily studied in both sections and maceration prepa- 
rations, and as these methods of study have given no evidence of fibres 
other than that of the very short ones already mentioned, it seems fair 
to conclude that the distal retinulse terminate as fine fibres a short dis- 
tance in front of their nucleated portions. 

In transverse sections the distal retinulse first clearly appear in the 
plane represented in Figure 9. Here each group of four cone- cells is 
surrounded by a circle of seven retinulse. The Section from which this 
figure was drawn is in a slightly oblique plane. In moving from right 
to left, one passes into deeper and deeper regions. In the more super- 
ficial part of the section, the right-hand half, each retinula contains a 
nucleus, which is surrounded by a small amount of pigmented cell-sub- 
stance. In the deeper part of the section, the left-hand half, the plane 
is below the region of most of the nuclei, and one sees the seven reti- 
nulse densely filled with pigment. In the next section (Fig. 10), the 
retinulse are broader in transverse section. In their expansion they 
have so far encroached on the space which they surround that it is 
only large enough to allow the passage of the four cone-cells. The con- 
traction of the space within the circle of retinulse takes place almost 
in one plane, as can be seen in the longitudinal section (Fig. 1). In the 
plane of Figure 10, the retinulse show a tendency to group themselves. 
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One can recognize an odd, usually larger retinula, which occupies the 
lower right-hand corner of each group. The remaining six retinulae 
are disposed in pairs. In Figure 11, which represents a plane of section 
deeper than that shown in Figure 10, the retinulae, although somewhat 
reduced in thickness, present nevertheless the same method of group- 
ing as was pointed out in Figure 10. In this plane one also notices 
next the odd retinula, a nucleus. This is remarkably constant in its 
occurrence, both as to position and as to the fact that there is always a 
single nucleus. When compared with the nuclei of the surrounding retin- 
al*, it is found to resemble them very closely. The nuclei of the seven 
retinulae are characterized by their sharply marked oval outlines, and 
bv the possession of one or two very distinct nucleoli (Fig. 30, nl. px.). 
In both of these respects the single nucleus agrees so closely with the 
nuclei of the retinulae, that, were it not for its somewhat smaller size 
and deeper position, it could not be distinguished from them. The 
regularity with which it occurs, and its structural peculiarities, in-line 
me to believe that it represents a reduced retinula in which pigment 
has never been developed. This belief is further supported by the fact, 
that the additional nucleus is always found next the larger retinula, 
which from its great size seems to have replaced a second cell It is 
therefore probable that each ommatidium of the lobster's eye possesses 
eight proximal retinulae rather than seven, and that one of these is 
rudimentary. 

Below this additional nucleus, the proximal retinulae pass around the 
rhabdome, In this region they are deeply pigmented, and so completely 
cotelop the rhabdome that I am of opinion that no appreciable amount 
of light gains access to it except through the cone-cells. The cone-cells, 
't will be remembered, extend through the central region of each group 
of proximal retinulae, until tbey almost impinge on the distal end of 
ti* rhabdome. Thus, by excluding the retinulae, they form a trans- 
Parent shaft, which leads to the distal tip of the rhabdome, and by 
*bich that structure can receive light. The rhabdome in transverse 
action has a four-sided outline. Three sides of the rhabdome are occu- 
pied each by a pair of retinulae. These pairs are composed of the same 
GHiples which were previously noticed. (Compare Figs. 10 and 14.) 
"* fourth side of the rhabdome is occupied by the seventh or odd 
retinula, Thus, again, it is noticeable that this retinula occupies a 
position where, if perfect symmetry were showu, we should expect two 
retinulae. The rhabdome ip transverse section is broadest midway of 
to length. In this position the retinuke are small, as if closely pressed 
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against its sides (Fig. 14). Below its middle transverse plane the 
rhabdome becomes gradually smaller and smaller, till finally it termi- 
nates about 15 ft from the basement membrane. As the rhabdome con- 
tracts in size, the retinulse enlarge. (Compare Figs. 1 4 and 1 7.) 

As I have already mentioned, the retinulse are definitely arranged 
around the rhabdome, aud this arrangement persists nearly to its 
proximal termination ; but between the end of the rhabdome and the 
basement membrane the retinulse rearrange themselves. This re- 
arrangement of the retinulse is a step preparatory to their passing 
through the apertures in the basement membrane, the general struc- 
ture of which has already been described. It will be remembered that 
under each ommatidium the distal face of the membrane presents a 
cross-shaped thickening, and that in each of the four angles which the 
arms of the cross make with each other there is an opening (Fig. 21). 
The openings are oval in outline, especially on the distal face of the 
membrane. One end of a given oval lies in the angle of the cross, 
and the crosses are so close to each other that the other end of the 
same oval lies in the angle of a neighboring cross. Each opening then 
lies in the angles of two adjoiuing crosses, and through it pass two 
groups of retinulse, one from each of the two ommatidia to which the 
crosses correspond. 

The four groups into which the retinulse of a single ommatidium 
are divided pass one through each of the four surrounding apertures. 
Three of the groups consist of pairs of retinulse ; the fourth group is 
represented by only a siugle retinula. Although these groups agree 
numerically with the groups of retinulse, which, as I have already 
shown, surround the rhabdome, they are not composed of the same 
individual retinulse. 

For convenience of comparison, numbers can be assigned to the dif- 
ferent retinulse. This has been done in ommatidium c (Fig. 15), where 
the large odd retinula is numbered 1, and the remaining retinulse, pro- 
ceeding in a circle to the left, are numbered 2 to 7. On this plan of 
numbering, the four groups of retinulse which have been already indi- 
cated as surrounding the rhabdome are composed as follows. What, 
may be called the first group is formed of retinulse 2 and 3, the second 
group contains retinulsB 4 and 5, the third retinulse 6 and 7, and the 
fourth retinula 1. It will be observed (Fig. 15) that the seven retinulae 
are also divided into four other groups by the fibres of the cone-cells. 
Three of these groups are composed of pairs pf retinulse, the individuals 
of which lie nearest the angles of the rhabdome. In Figure 15, omnia- 
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tidiam c, these three groups are represented by retinulee 1 aud 2, 3 and 
4, and 5 and 6. The fourth group is composed of the single retinula 
number 7. 

The four groups thus defined are identical with the ones which pass 
through the four openings in the basement membrane. In Figure 21 
the four openings which surround the cross (x) can be designated from 
their positions as the upper, lower, right-hand, and left-hand openings. 
The upper and lower openings each present the transverse section of 
four large fibres. The right- and left-hand openings are each occupied 
by three large fibres. The source of these fibres can be ascertained by 
comparing Figures 20 and 21. In ommatidium c (Fig. 20) retinulee 
5 and 6 unite with retinula) 1 and 2 of ommatidium d, and thus consti- 
tute the four fibres which pass through the upper aperture (Fig. 21). 
In a similar way, retinulae 1 and 2 of ommatidium c unite with 5 aud 6 
of tn ommatidium which lies below c, and pass as four fibres through 
the lower opening (Fig. 21). Retinulee 3 and 4 of ommatidium c 
(Fig. 20) unite with retinula 7 of an ommatidium to the left of c, and 
emerge ss three fibres through the left-hand opening (Fig. 21). Retin- 
al* 7 of e, and 3 and 4 of b (Fig. 20), unite and form the three large 
fibres of the right-hand opening (Fig. 21). This plan of distribution is 
repeated in each ommatidium, and thus brings about the groups of 
three or four fibres which occur in each opening through the basement 
membrane. The groups of fibres are distinguishable for only a very 
short distance below the basement membrane. The individual fibres of 
«*cb group soon separate, and in the deeper part of the optic nerve they 
roer again present this grouping. The description of the termination 
°f the fibres will be deferred to a later part of this paper. 

The relation of the rhabdome to the cone-cells in Homarus has al- 
^tdj been described. That they are separate structures, as Schultze 
tod Grenadier have asserted, I believe there can be no doubt. I have 
**n nothing which favors the view held by Patten, namely, that the 
rifcbdome is an enlargement in the proximal part of the coue-cells. In 
Homarus the rhabdome has the general form of a spindle. In trans- 
fer* lection, bowever, it is not circular, but square. Its four sides are 
thrown into ridges, the crests of which extend across the sides at right 
i&gfes to its longest axis. The inner face of each proximal retinula is 
thrown into corresponding undulations. The rhabdome and retinula 
** to adjusted to each other that a crest on one fits into a furrow 
00 the other. (For a similar condition in Penaeus, compare Patten, 
^t Fig. 72.) The retinula and rhabdome are thus intimately bound 
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together. On comparing opposite faces of the rhabdome, it will be teen 
that the crests of one sido are in the same horizontal plane as those uf 
the other ; but on com j wiring adjoining faces, it will be observed that the 
crests of one correspond to the furrows of the other. 

In tho rhabdome of the lolmter I have not found a complicated system 
of plates, such as Patten describes in Peiueus. Tho substance of the 
rhalxlome in the fresh condition is apparently homogeneous, but in har- 
dened preparations it is finely granular and stratified. The strata are 
at right angles to the long axis of the rhabdome, and the rhahdomes 
often break transversely. The stratified condition of the rhalxlome, and 
tho close relation which the proximal retiuuhe bear to it, support the 
conclusion that the rhalxlome is the product of the proximal retiuuhe. 

In the structure of the rhalxlome there is one peculiarity which, 
although I cannot explain it, requires some comment. In transverse sec- 
tions the square area of the rhalxlome is often divided into four smaller 
squares by two intersecting lines (Figs. 13 and 43). I made this oleer- 
vat ion lx»foro I had studied tho relation of the distal tip of the rhab- 
dome to tho cone-cells, and I concluded then, that, if Patten was correct 
in believing that tho cone-cells and rhalxlome were continuous, these 
four divisions of the rhabdome must correspond to the four cone -cell*. 
I recognized the fact, however, that, if such was the case, the group of 
cone-cells in the region of tho rhalxlome was turned through an angle of 
4.V Jim com;>ared with its ;>osition at the surface of the retina (contrast 
Fil'h. I and 13). After having satisfied myself that the cone-cells ami 
rhulMlntm* wt-iv separate id Pictures, I was forced to the conclusion, thst 
the four se^mentx of the rhabdome were iudc|x'iidcnt of the four coiie- 
celN. That there can l>e no question of the inde|M*ndeneo of these t»«» 
struct tires i.s shown bv tho condition of the emie-cells and rliaUI«rne 
in M\mh. In all 1 >erti|>ods, so far as I am aware, the cone is formed *4 
fmir cmie-cells, and the rhalxlome has four segments; in Mysin, h««- 
ev«r, the cone is formed of only Oro cells, although the rhalxlome l»a» 

fnur segments. 1 

I can idler in* explanation i»f the enms lines which occur in the rind* 
d«»me. Ax Uremtehcr ('7'.», p. 124) has observed, one miijit at first U^« 
them for the outline* of *uch parts of the rhalxlome us were produced by 
iti«li\ nliiiil retiuuhe. There are, however, seven ret inula-, and only f«» lir 
M'^mrtitK. Nut onlv do the uutnlxTs disagree, but the pusttion of th* 
Inn-* in the rhal>dome is ditlicult to explain. If the lines an* relate^ 
to the ri'tiuul.i', it wmiU In' natund to e\|x?ct that they would onincid^ 

1 My stu-ntioti was called to this fact by my friend, Mr. II. II Field 
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with the junction of two retinulsa. As a matter of fact, three lines do 
come between retinulse, but the fourth one abuts against the middle of 
the large odd retinula (Fig. 34). This relation of the cross-lines and 
retinulse persists from the earliest stage in the production of the rhab- 
dome, and although the lines are doubtless formed during this process 
they show a strange independence of the retinulse. 

An exactly similar relation between the cross-lines and retinulae has 
been described by Grenacher ('79, p. 124) in Palsemon. I cannot 
agree with Grenacher in believing that the four lines are due to the 
fact that only four retinulffi are concerned in the production of the 
rhabdome. The relations of the retinulce and rhabdome are the same in 
the young lobster (Fig. 58) in which the rhabdome is being produced 
aa in the adult This fact was not known to Grenacher. It shows, I 
believe, that the rhabdome is the product of the surrounding seven reti- 
nal©, and that the problematic lines have some other significance than 
that of indicating regions of production. 

The Accessory Pigment-cells. 

These cells occupy the open space at the base of the ommatidia. 
They are characterized by possessing a pigment which, as I have before 
stated, is brownish by transmitted and whitish by reflected light. The 
cells are bounded proximally by the basement membrane, and their 
distal ends rarely reach beyond the middle of the rhabdomes (Fig. 1). 
They are extremely irregular in form, and seem to fit themselves to a 
canty of almost any shape. Their function seems to be that of filling 
what would be otherwise an unoccupied space, as though to lend solid- 
ity to the tissue in the base of the retina. (Compare Figs. 13 and 16.) 
Their nuclei are irregular in form and size (Fig. 18, nl. pig.). Judging 
from the number of nuclei, two or three cells are associated with each 
Kwnatidium. The number, however, is variable. The physical prop- 
er tiea of the pigment which these cells contain are very characteristic. 
Streaks of this pigment, and even whole cells, are to be met with in 
^ open space on the proximal side of the basement membrane. 

Cells similar to those which I have called accessory pigment-cells have 
b*n described by Carriere ('85, p. 169) in Astacus, and by Patten ('86, 
P-636) in Penaens. It is highly probable that the yellow pigment 
»hkh Grenacher (79, Fig. 114) figured in the base of the retina of 
*7*is represents accessory pigment-cells as well as the dark pigment 
ifcch he described (79, p. 124, Fig. 117) in Pahemon. 
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The Innervation of the Retina. 

Tho study of the termination of the nerves in the retina is of partic- 
ular importance, since it affords a means of identifying the perceptive 
elements. Wherever these elements may be, the ultimate branches of 
the nerve-fibres must unquestionably lead to them ; hence the inijior* 
tance of discovering the termination of the nerve-fibres. 

Students who have investigated the compound eyes of Art hro] tods 
have held two opinions as to the position in which the nerve-fibres ter- 
minate. One school has maintained that tho fibres terminate in the 
crystalline cones, and that therefore these bodies are the perceptive 
elements. Tho other school has endeavored to show that the fibre* 
end in the region of the rhabdome, and that for this reason tho rhal»- 
dome is the ]«rceptive element. I shall not attempt to give an his- 
torical account of this subject, but only call attention to the fact, that 
of late years the majority of writers havo expressed the opinion that the 
rhalnloiuo is the |>erceptive element, and that the cone is merely dioptric 
in function. This conclusion has been recently criticised by Patteu, 
who believes the cone to be tho jierccptivo body. 

Many of Patten's statements are based upon observations which were 
possible only by his methods of investigation. On this account, as mell 
as for the rcasou that his |>a|>cr is the most hnjwrtant recent contribu- 
tion to the study of nerve-termination in compound eyes, 1 shall n<»t 
refer to the older publications, but limit myself to what he has pre- 
sented iu bis article on " Kyes of Molluscs and Arthropods," and to Mich 
|Hi|ters a» have apjteared Mince the publication of that work. 

When comparing Patten's statements on nerve-termination mith 
those of other recent investigators, I was inclined to Udieve, since 
Patten lined new and probably Utter methods of study, that his results 
were more trust worthy. The contrast lartwcen his views and tin** 
whieh are more generally accepted is so striking, however, that in ta'irui- 
ning a study of the nerve-terminations the first step to lie taken win 
iiereHHitrilv one of continuation. I was unable to obtain the sauic 
HpeeirH of Crustacrans as Patteu had used, but 1 lielieve that I was safe 
in assuming that the difference which may exist U'tween the innerva- 
tion «.f the retina in IVnirits and Homarus could not l>c a fundamental 
one, :tnd that tin* more iiiijM.rtant feature which had been demonstrated 
in ■■in* grinn i'ouM be shown in the other. 1 consequently pre|»aml 
hcrtmns of the ntiua of Ifoinarus according to the methods whieh Patten 
hail rccomuirndt-d, and although 1 was careful in both prej»aration olid 
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examination of these sections, I was entirely unsuccessful in discovering 
any trace of nerve-fibres such as Patten had described. I therefore 
resolved to try his methods of maceration. This I did, following closely 
hi9 directions as to the strength of solutions, length of time during 
which reagents should be employed, etc., but my results were again 
negative. Still adhering to the reagents which he had recommended, 
especially chromic and sulphuric acids, I varied the time during which 
the eyes were treated, hoping thereby to obtain a combination more 
favorable for Homarus. The separation of the elements of the retina 
was often very successful, but I never saw in any of my preparations 
systems of nerve-fibres which resembled those figured by Patten. In 
almost all cases the isolated parts of the retina presented many delicate 
fibrous projections. These projections might be interpreted as shreds 
of broken nerve-fibres, although in no case did they show a systematic 
arrangement. Moreover, they were found on all kinds of tissue. For 
these two reasons, I believe that they were not broken nerve-fibres, but 
simply shreds of tissue. The substance of the cones was finely granular, 
and was never penetrated, so far as I could discover, by any fibres. My 
results from both sections and isolatiou preparations were invariably 
negative ; and as my observations had been made upon somewhat over 
sixty lobsters' eyes, I coucluded that in Homarus there was no evidence 
in favor of the method of nerve-termination which Patten had described. 
As I have previously mentioned, it is highly improbable that the 
methods of innervation in the retinas of Peuteus and Homarus are fun- 
damentally different, and since I have found in the retina of Homarus 
Qo confirmation of Patten's views, I am of opinion that he must be mis- 
taken as to the method of nerve-termination in Penseus. Many of 
Patten's figures of the individual nerve-fibres in Penaous (*86, Plate 31, 
Figi 69, 70, 71) resemble so closely the fibres which I have seen in all 
of my isolation preparations, and which, for reasons already given, I am 
persuaded are not nervous, that I am forced to believe that Patten has 
mistaken for nerve-fibres shreds of non-nervous tissue. 

My criticism of Patten's results refers only to those which be obtained 
from a study of the Crustacea. No one, so far as I am aware, has fully 
confirmed his views concerning the nerve-terminations in this group. 
Kingsley ('86, p. 864) claims to have seen the axial nerve-fibre in 
C'rangon, but he was unable to trace its finer ramifications in the cone. 
He states ('87, p. 57), however, that the method of preparation which 
k employed was not intended especially for the fibres, and that there- 
"** it is not surprising that they were not identifiable. Herrick 
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('89, p. 168) oould not distinguish fibres in the cones of Alpheut, al- 
though, liko Kingsley, he admits that his failure may be due to the 
method which he used. I Relative to nerve- terminations, the evidence 
which the work of these two investigators presents can scarcely be called 
critical, and I therefore hold to my former conclusion, namely, that the 
fibres which according to Patten represent the nerve-terminations are 
in reality not nerve-fibres at all. 

After having reached this conclusion, I was naturally led to look 
elsewhere for tho true uerve-fibres. It occurred to me that, in order to 
be certain that I was dealing with nerve-fibres, it was safer to begin 
studying them in regions where their identity was beyond question. I 
therefore examined niaceration-prqxarutions of parts of tho larger nerves 
from the lobster's body. These nerves wore readily resolved into a 
number of fibres, which in transverse section were enormous when 
compared with such fibres as tho axial nerve-fibre figured by Patten 
('8G, Plate 31, Figs. 72, 74, 108). I then studied in a similar way the 
optio nerve. The fibres in this nerve were smaller than those from 
the other norves which I had macerated, but they were much larger 
than those figured by Patten. Each fibre (Fig. 3D) possessed a distinct 
sheath, and its contents were marked by lines which extended parallel 
to its long axis. Those lines I inteq>reted as indications of fi brill* 
which composed tho fibre. In additiou to the large fibres, the optic 
nerve, as well as the other nerves, showed, when macerated, the fibrous 
shred* which 1 have previously mentioned. They were very insignifi- 
cant in amount, forming, I should judge, not more than a fraction of one 
|**r rent of the whole optic nerve, and I was never able to trace them 
as continuous fibres for uny coiiHidcrnhlc diHtunce. I U'lievo that here, 
as in the ret inn, they arose from an artificial tearing of the tisnuc. 

At ulxnit thin time I hap|>ened to find the modification of Weigert'i 
method of «t mining nerve-fibres, which 1 have descrilied in the Intro- 
duction. Ah noon as I was aware of the roHultH which could Ik* obtained 
by thin method, I applied it to a series of tniiih verse sections of the 
optic nerve. The series extended from the retina to the optic ganglion, 
and dctnotiNtnitcd conclusively, I think, that the proximal ends of the 
seven proximal rctinuhe, after passing through the basement membrane, 
nM I have desrril>cd, continued inward as fibres, and finally j Hissed into 
the substance i if tin* optie <rani:lion. Figures -1, 22, -3, 24, and 23 
illustrate ht«*j»H in the passage from the retina to the ganglion. In Fig 
ure 21 the group* i.f three or four proximal retinul.e are Heeu as they paw 
through the basement memhrnuc. Figure 22 in taken at a level mime- 
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diately below the basement membrane. Here two groups of four fibres, 
and one of three, can be distinguished. Below this level the groups of 
three and four fibres are no longer to be recognized. The fibres diminish 
rapidly in diameter as they leave the retina. Figure 23 represents a 
transverse section of the fibres at one fourth the distance from the base- 
ment membrane to the distal face of the ganglion. Figure 24 represents 
a similar section midway between retina and ganglion. Figure 25 repre- 
sents the fibres as they enter the ganglion. The same kind of fibres 
have been identified in the substance of the ganglion. These fibres, I 
believe, are the true fibres of the optic nerve, and, as I have shown, 
they connect the seven proximal retinulse of each ommatidium with the 
optic ganglion. 

The termination of the nerve-fibres in the proximal retinulce is so 
directly opposed to the method of termination which Patten has de- 
scribed, that, before making a final statement based on a study of the 
lobster only, it seemed prudent to seek confirmation in other species. 
This I have done, and I can now state that the termination of the nerve- 
fibres in the retinulse has been demonstrated in Eupagurus, Cambarus, 
tod Gammarus. From this I conclude that it is highly probably that 
in the compound eyes of all Crustacea the nerve-fibres terminate in the 
retinuhe. 

This method of nerve-termination, namely, the direct continuity of 
the nerve-fibre and the perceptive cell, has also been demonstrated by 
Watase C89, pp. 34-36) in the eyes of Limulus. 

There are some interesting phases in the transition from the nerve- 
fibre to the retinula. On examining the transverse sections of nerve- 
fibres at a level slightly below the basement membrane, one observes 
that it is in the form of a transparent cylinder the periphery of which 
ku scattered over it a few pigment granules. As the fibre passes 
through the basement membrane the pigment increases in quantity, and 
*hen the retinula is reached the nerve-fibre is represented by a trans- 
Parent axis in its centre (Fig. 19, ax. n.). The nervous axis is transpar- 
ent, because it contains no pigment granules, while the peripheral portion 
°f the retinula is densely pigmented. In this way the nerve-fibre proper 
* continuous as a transparent axial shaft from below the basement 
Ofcmbrane to a level in the retina, which corresponds to the middle of 
the rhabdome. From this level to its distal end the retinula is com- 
pktelj filled with pigment, no trace of a transparent central axis being 
▼wblc (Compare Figs. 19 and 14 with Figs. 11, 10, and 9.) The trans- 
parent nervous axis of each retinula terminates, as I have said before, 
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on a level with the middle of the rhabdome. When it is cut very close 
to its distal end, the nervous axis is seen to lie almost next th<- rhab- 
dome. I have never seen a case, however, iu which the axis and rftiab- 
donie were not separated by a line of pigment granules. In transverse 
sections which have been thoroughly depigmented, the distal half of 
each rhabdome is surrouuded by a great number of bodies which resem- 
ble coarse granules (Fig. 32, fbr 1 .). These bodies are limited almost 
entirely to the distal half of the rhabdome. At first I supposed that they 
were the colorless skeletons of pigment granules, but they were easily 
distinguished from the latter by their larger size and shaq>cr outliue. 
It theu occurred to me that, since these bodies were found only al>out 
that portion of the rhabdome which was distal to the nervous axis, they 
might th ore fore be tho cut ends of the finer fibrilUo into which that 
axis had beeu resolved. If such was the case, these bodies were in re- 
ality fibres, not granules. In order to dotonnine whether they were 
fibres or granules, I examined oblique sections of tho rhabdome. Fig- 
ure 33 is taken from one of these sections. The granular Ixxly in the 
figure is the rhabdome, and the transverse bands are the strata in its 
substance. The projection of tho long axis of the rhal>dome in this 
figure would bo a vortical lino. The lower end of tho figure is proximal, 
the up|>cr end distal. Owing to tho fact that tho rhalnlome is cut 
obliquely, what is seen at its proximal end belongs on oue side of it, 
and what is seen at its distal end belongs on the opposite side. The 
first proximal dark hand in the substance of the rhnl>di>tiie is very 
nearly midway lietween its ends. At tho proximal end of the rhalidome 
three distinct fibre like ls>dies are seen. These are in reality longitu- 
dinal sections of the greatly compressed retiuulie, which have Ireen 
noticed in transverse sections. (CoinjMire Figs. 15 and 18.) At the 
distal end of the rhal>domc, in place of the three retinulte, there art* s 
great iiuuiIht of fmo librvs. The fibres occur only around the distd 
half of the rlutlidiiiiii*, and 1 Udieve that in transverse sections these 
fibres are represented by the small round trodics previously descrihed. 
From the distribution of these small fibres and their relation to the 
distal end of the nervous axis, 1 am of opinion that they represent tho 
fibrilhe of the nerve-film*. 

The entrance of the fibres of the optic nerve into the proximal reti- 
fiiil.t- in i.f itsi»lf Mroiur evidence that the rhabdome, not the cone. is th*- 
perceptive ln«lv. This conclusion is further supjsirted by the ultimate- 
distribution of the optic tihrilla-. If it In* admitted that the rhsh- 
dotiie in immediately concerned in the perception of light, it is only 
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natural to expect that this structure would be accessible to the light. 
As I have already shown, the cone-cells form a transparent axis, which 
leads directly to the rhabdome, and through which light could readily 
reach that structure. Once having penetrated to the rhabdome, it is 
probable that, either in the substance of the rhabdome itself, or in the 
superficial layer of pigment which immediately surrounds the rhabdome 
and in which the nbrillao are, the light is transformed into that kind of 
energy which is transmitted by nerve-fibres. 

The Development. 

In discussing the development of the eyes in Arthropods, the more 
recent investigators have given much attention to the general plan of 
these organs. One of the objects of their researches has been the 
reduction of the eyes of these animals to a single structural type. If 
such a type were found to exist, it would very probably reproduce the 
essential structural feature which the eye of the ancestral Arthropod 
possessed. The desirability of ascertaing if there is a common typo for 
the eyes of all Arthropods is evident, for upon the nature of the answer 
to this question must depend to some extent the conclusions concern* 
ing the phylogenetic relationship of the group, and its different classes. 
Possibly in the phylogeuy of two classes of Arthropods the eyes may 
have originated independently. Of course organs independently devel- 
oped could not be homologous, aud they might be so differently con- 
structed that it would be impossible to reduce them to a common type. 
Notwithstanding the difficulty in homologizing the eyes of one class of 
Arthropods with those of another, the homologies among the members 
of a single class are much more readily determined, and many impor- 
tant comparisons can be safely made. It would, therefore, seem more 
prudent to limit investigations to the eyes of a single class until they 
were well understood, rather than institute comparisons between the 
eyes of different classes, where, from the limitations of our knowledge, 
such comparisons must be more or less hazardous. 

The Plan of the Eye. 

The work of different investigators has already suggested several 
structural types for the compound eyes of Arthropods, but the differ- 
ences which some of these types present are of such a fundamental 
character, that to accept one is to reject another. It was with the hope 
of gaining confirmation for some one type that I was led to study tho 
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development of the eye in a Crustacean, and, as I have previously ex- 
plained, the species most available for such a study was the lobster. 

The results which have been presented in the more recent pa|iers on 
the embryology of the compouud eyes require a brief notice before the 
development of the eye in the lobster is described. What is said in this 
couuectiou is purely introductory ; no criticism of the views of different 
authors will be made until after the development of the lobster's eye 
has been described. 

The writers wbo have thus far published accounts of the development 
of compound eyes can bo grouped under four heads, depending upon the 
type of eye which their researches indicate. The first type is that 
represented by the eye of Peri pat us. Patten' ('86, p. G88, '87, p. -Ml) 
is of tho opinion that the compouud eyes of HexajKxls, as well as Crus- 
taceans, are constructed upon this plan. Each eye should then consist 
of a closed vesicle which was produced by an involution of the byj«>- 
dcriuis. Tho eye would he composed of three layers, which in the 
order of their positions are as follows : first, the sujicrficial hyj>odcrniii ; 
second, the outer wall of tho vesicle ; and third, the inner wall of the 
vesicle. Patten is of opinion that in the eye of an adult individual 
these throe layers are modified in tho following way : the sujicrficiil 
hy|Kxlermis becomes the corneal hypodermis; the outer wall of the 
vesicle is so far reduced us to l>c inconspicuous, aud the inner wall gives 
rise to the retina. The retina includes the crystalline cones and the 
jH'ihrrU (rhalMlomcs). Patten stip|>ortH those conclusions mainly from 
theoretical ^toiukIm, hut he lielicves that he has found evidence of the 
existence of this tyjie in the development of the compound cye» of 
Vcspa, 1'ilatta, and the Phryganids. 

Tin' M-i'imd structural type which I shall mention has lieen ad yi ratal 
by Km^lev ('S7, p. . r »l) in his description of the development of tbe> 
n»ui|>oiin<l eve of < 'run-on. 1 In this type the eye results from a vehicu- 
lar inftililiii&r. an in that which was pro] n mod by Patten, but it diffrm 
from the hitter in the fate which ih userilietl to the two walls of the 
vesicle. According to Kingsley, the outer wall of tho vesicle is not 
reduced, hut yives rise to the retina. In it are deve!o|>ed the mstal- 
Inn' cones uud the |»edicels (rhalMloincsV The inner wall of the vestd**. 
insternl «f forming the retina, as Patten Mieved. is converted into a part 
of the uptic tnm'jli«»u. 

Tin* third structural tyj>e is that which is presented by Keichenl^'" 
('Mi, pp. JO-M) in his account of the development of the crayti*h- 

1 Sit till* liotr nil \*iW 41. 
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Here a hypodermal involution takes place, and a vesicle is produced, 
but the cavity of the vesicle is soon obliterated. The mass of cells 
which results from the fusion of the walls of the vesicle now divides into 
an outer and an inner layer. These two layers do not necessarily cor- 
respond to the outer and inner walls of the original vesicle. The super- 
ficial hypodermis and outer layer of the infolded mass fuse, and give 
rise to the retina. The crystalline cones are developed in that part of 
the retina which is derived from the superficial hypodermis ; the rhab- 
doids probably originate in that part which is derived from the outer 
layer of infolded cells ; the inner layer of cells becomes ganglionic. 

Bobretsky 's (73) account of the development of the compound eyes 
in Astacus and Palseraon agrees in its essential features with the de- 
scription which Reichenbach has given for the eyes in the crayfish. 
Bobretsky, however, does not describe an involution in the optic disks. 
As Reichenbach suggests, the fact that Bobretsky did not have the oppor- 
tunity of studying very early stages may explain his failure to observe 
the involution. In other respects, the accounts are essentially alike, and 
there is little doubt that the plan of eye which Bobretsky's researches 
indicate is the same as that suggested by Reichenbach's studies. 

Each of the three structural types which have thus far been described 
ire dependent upon the formation of a hypodermal vesicle. The fourth 
type is simpler than any of the three preceding ones, in that a vesicle is 
not necessarily produced, the retina being supposed to originate as a 
ample thickening in the superficial hypodermis. This type has been 
tfhocated by Herri ck ('86, p. 43) in his account of the development 
of Alpheus. The researches of Nusbaum ('87, pp. 171-186) on the 
development of Mysis indicate the same type. Neither in Grobben's 
C"9) account of the development of the eyes in Moina, nor in Claus's 
C^, pp. 307-324) description of those in Branchipus and Artemia is 
uy mention made of an involution. These authors might, therefore, 
to cited as favoring the fourth type of eye, although it is to be observed 
*ta the special question of the vesicular origin of the eye is not dis- 
aawd by them. 

The advocates of the fourth type find support, not only in the embry- 
ology of the Crustacea, but also in that of the Hexapods. According to 
tWiere ('85, pp. 181-186), the compound eyes of some Hymenoptera 
**& Lepidoptera develop as simple thickenings of the hypodermis. 

Of the four types which have been mentioned, the one with which 
to* development of the lobster's eye accords will be seen from the 
Mowing description. 
v »l xx.— no. 1. 3 
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The firet traces of the eyes in tho development of the lolxjtcr nrc the 
optic disks. These disks lie one on either side of tho median plane, aii<i 
are for a considerable time the most conspicuous structures in the an- 
terior region of the embryo. In tho early stages of development the 
disks face vcntrally, but as tho head of the animal becomes ditVeren- 
tiated they come to face almost in the opposite direction, i. c. doi-sally. 
At stage A (Fig. 37) the optic disk, so called, is oval in outline rather 
than disk-shaped ; its louger axis is transverse to tho princijMil axis of 
the embryo. From that portion of each disk which is near the median 
plane a band of tissue extends posteriorly, and connects the disk with 
the ventral plate of the embryo. The disk and the band with which it 
is connected to the ventral plate are distinguished from the surrounding 
tissue by their greater numlwr of nuclei. The disks comprise the tissue 
from which both rctiua and optic ganglia develop. 

A section passing through an optic disk in a piano perpendicular to 
the longitudinal axis of the embryo is shown in Figure 38. In this 
case tho section is from the right optio disk. The left side of the sec- 
tion is farthest from the median plane ; tho right side is near that 
plane. Since at this stage tho disk faces vent rally, and since tho ventral 
edge of the section is uppermost in tho figure, it is the posterior face of 
the section which is presented. To the right and left of the disk one 
can see the undifferentiated ectoderm with its occasional nuclei. This 
ectoderm is directly continuous with tho tissue of the dink ; in fact, the 
disk is only a local thickening in the ventral vctodermic layer of the 
embryo. It ih duo to its greater thickness that the disk contains iiht« 
nuclei than the surrounding ectoderm. The deep face of the ectoderm, 
both of that uhich is undifferentiated and that which forms tin* disk, is 
limited by a delicate but distinct basement membrane (Fig. 38, ni/*.). 

Some idea of tho method of growth in the optic disk can Ik? ipiitwd 
from a study of its nuclei. It will lie noticed that the nuclei in thr 
deeper part of the disk are rather small and irregularly grouped whoa 
ci»tii|iiired with those which are found next its outer surface. Those* 
Hii|ierticial nuclei form an almost regular scries, which extends from «*ne> 
mnririn of the "link to tho other. They are usually also charactcrixed by 
havniLT their lonu axes |>erpcudicular to tin 1 surface of the disk. Wlieta 
they increase by division, their planes of separation are in most ca»e» 
either parallel or |x*rfieudicuhir to the outer surface of the disk. W hrc» 
the plane nf ncparntion in |>erpendieular to the surface of the disk, tb^* 
temh ncv f<>r such divisions is to increase the diameter of the dwk- 
When, on the other hand, the piano of separation is parallel to th^ 
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surface of the disk, the tendency is to thicken it. In order to determine 
the distribution of these two methods of division, the planes of sepa- 
ration in the superficial nuclei of four disks were carefully observed. 
Each disk can be divided into halves by a plane parallel to the sagittal 
plane of the embryo. That half of the disk which lies near the median 
plane can be called the proximal half; that which is farther from the 
median plane, the distal half. Among the superficial nuolei of the distal 
halves of the four disks which were examined there were seen thirteen 
cases of division. In all of these cases the tendency was to broaden the 
disk. There was no case where the division of the nucleus would have 
thickened it. In the proximal halves of the disk there were six cases 
of division observed ; five of these tended to thicken the disk, and one 
would have broadened it. It is therefore apparent that in the super- 
ficial layer of each disk the proximal half is becoming thicker, while the 
distal half is becoming broader. 

The deep nuclei of each disk, those lying below the row of superficial 
nuclei, divide in different planes. Among these nuclei in the four disks 
which were examined, seven instances of division were noticed. Five of 
these were in planes which would have thickened the disk ; the remain* 
ing two would have broadened it This part of the disk consequently 
•how a tendency both to become broader and thicker. Of these two 
tendencies, that which would thicken the disk is the stronger. 

The method of growth which has been described for different parts of 
the optic disk can be easily distinguished only in its earlier stages. The 
wbeequent changes which affect the structure of the disk render it 
father difficult to follow in detail the growth of the disk as a whole ; but 
in general the broadening of the distal superficial region, the thickening 
°f the proximal superficial part, and the broadening and thickening of 
t!* deeper parts are continued. 

The most important changes in the differentiation of the optic disks 
tft the following : first, the separation of the retina and optic ganglion 
■7 the formation of the basement membrane ; second, the production of 
the optic nerve ; and third, the differentiation of the ommatidia. These 
three changes will be considered in the order named. 

The first step in the differentiation of the retina and optic ganglion 
°°ttri at stage B. Figure 39 represents a section from the optic disk of 
10 embryo of this stage. The plane of section in this case corresponds 
to that of Figure 38. The chief difference observable between the disk 
1 *tages A and B is its greater thickness in the older embryo. Not only 
has the disk thickened, but it has spread laterally, so that the small 
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angle which is seen on the outer margin of the disk in stage A (Fig. 
38, jr), and which indicates a tendency on the part of the disk to grow 
over the adjacent ectoderm, is represented in stage B by a very acute 
angle (Fig. 39, x), while the disk itself forms au actual fold, which 
covers a portion of the undifferentiated ectoderm. 

The separation of the rotiua and its ganglion is accomplished by the 
production of a basement membrane. This is gradually developed in 
the substance of the disk between the regions of the retina and the optic 
ganglion. In order to distinguish the newly formed membrane from 
the original basement membrane which bounds the under surface of the 
disk, I shall speak of the former as the interceding membrane. The in- 
tercepting membrane (Fig. 39, mb. i c/X.) takes its origiu from the base- 
ment membrane on a line a little within the lateral edge of the duk. 
From this position it extends at this stage as a delicate lamella fur a 
short distance through the tissue of the disk. The direction of its course 
is approximately parallel to the outer surface of the disk, and it divides 
the distal portion of the disk into two masses, one of which is superficial, 
tho other deep. Tho superficial mass is the first portion of the retina 
to be differentiated, and, as I huve previously stated, tho growth in thit 
rugiou is chiefly lateral. Tho deep mass is the licginning of the optic 
ganglion. Tho intercepting membrane does not extend so far as to 
sc]jaratc the superficial portion of the disk (rom the deeper jiart in the 
proximal half. This condition is what one mi^ht expect, since in the 
proximal region of the disk the Hiij>erfieial nuclei divide in such pin no* 
a» t<» thicken tho disk, and a membrane which would scjKirnte the deep 
and Hiifierticinl parts would he a source of interference in the |»n *.*!->* of 
thickening. 

The intercepting membrane is not an involution of the original l*a*c« 
incut membrane, hut is produced by the activity of the ectodennic ivlU 
In'twceti which it licM. There in no reason for doubting, I Udieve, that 
at this early staue (It) it is strictly an cct<»doruiic secretion. At this 
stuire it is fan-Hha|»cd, the handle of tho fan Win;; formed by that part </ 
the membrane which is in contact with the original basement membrane. 
Tin* plane of the fun is parallel with the outer surface of the di>k. In 
section* which are either anterior <>r jawterior, but parallel to that *hf*ti 
in Figure .'19, (tortious of the intercepting membrane an* often vis»l»lr f 
ami iimv be apparently unconnected with the basement memhnii:*.'. 
This is due to the fact that the plane of section cuts the anterior •* 
posterior ed;;*' "f the fan without including the handle. 

The chief difference- lietween the intercepting membranes nt i*t,k.v- 
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B and C is the greater extension of the membrane at stage C. (Com- 
pare Figs. 39 and 41.) The retina is now much more completely 
separated from the ganglion than formerly. The superficial and deep 
portions of the proximal part of the disk are, however, still continuous. 

In stage D (Fig. 45) an important step is taken in the development 
of the membrane. It splits at this stage into two layers, one of which 
adheres to the retina, and the other to the optic ganglion. The retinal 
and ganglionic layers of the membrane have probably been distinct from 
the time of their formation ; but until stage D is reached, the double 
nature of the membrane is not apparent. Occasionally in stage C one 
notices at the point where the intercepting and basement membranes 
unite a re-entrant angle (Fig. ±1, x). This in some cases extends a 
short distance between retina and ganglion, and doubtless represents the 
first step in the separation of the components which form the intercept- 
ing membrane. 

In stage £ (Fig. 46) the membrane has completely severed the super- 
ficial from the deep ectoderm, and the separation of its retinal and gan- 
glionic constituents extends over a broader area than in the previous 



The subsequent changes in the intercepting membrane consist in a 
complete separation of its retinal and ganglionic portions. This separa- 
tion is effected by the withdrawal of the' optic ganglion from the super- 
ficial ectoderm. In the adult, the ganglionic membrane remains relatively 
thin, but the retinal membrane becomes much thickened. This mem- 
brane, which has already been described as the basement membrane of 
the adult retina, is not uniformly thickened, but presents local eleva- 
tions, each of which is in the form of a cross. The four apertures which 
pierce the membrane in the angles of the cross-shaped elevations, and 
the relation which adjoining crosses and apertures bear to one another, 
have already been described. The proximal face of the basement mem- 
brane is nearly flat (Fig. 29). The cross-shaped elevations occur on its 
distal face. The substance of the membrane is apparently homogeneous, 
and contains no traces of cells or nuclei. The fact that its substance is 
alike throughout favors the idea that it has been derived from a single 
source. From stage £ to the adult condition a few mesodermic cells 
have been noticed next its proximal face (Fig. 1, cl. ms d.). These cells 
are not intimately attached to it, and I am of opinion that they con- 
tribute little or nothing to its composition. 

From the foregoing account I draw the following conclusions concern- 
ing the growth of the basement membrane of the eye. In its earliest 
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stages the basement membrane is strictly ectodermio in origin. In the 
adult condition it is much thicker than in its early stages, and the 
greater part of its substance has probably come from the ectoderm, al- 
though mesodermic cells rest against its proximal face, and possibly may 
contribute to its formation. 

From the description which I have given, it is evident that the optic 
disks are thickened regions in tho superficial ectoderm, and that these 
disks are cut by an intercepting membrane into two parts, one deep, 
the other superficial. The deep part is converted into the optic gan- 
glion ; the superficial part becomes tho retina. 80 far, then, as the 
development of the retina in tho lobster is concerned, it supports ths 
view that tho compound eye in Crustaceans is developed from a simple 
thickening of the ectoderm. 

Iu describing the formation of tho retina and optic ganglion in the 
lobster, 1 have made no mention of an involution. Doth Retchonhach 
and Kingsley have deacrilied an infolding in the formation of the eyes, — 
tho former in Astacus, the latter in Crangon, — and it is therefore only 
natural to look fur a similar condition in tho eyes of Homanis. Any 
evidence of au involution in the production of the lobster's eye* is to 
bo sought in the early stages of development. I regret that in the very 
early stages my material is deficient, and I have not ground* enough to 
warrant tho statement that no involution occurs. All tliat 1 can state 
is, that in all Htuges which I have examined I havo not been able to find 
any evidence of an involution. The youngest individual which I have 
studied was one iu which the optic disk watt iilmut two thirds as thick si 
that reprcMcuted iu Figure .'IS. Excepting its thinncMH and the smaller 
uutnU'r of itn nuclei, it presented essentially the same appearance a* the 
one which is figured. It will Ihj noticed that near the centre of the 
dink iu Figure 3H there in a Hpace devoid of nuclei. It occurred to me 
that Mich a spare might reprcMeut the last traces of an involution, and I 
therefore plotted carefully the nuclei in five pairs of disks, some of mhuh 
were less mature than the disk shown iu Figure 38. The result of the 
plotting was that the light space which is seen in Figure 38 proved to 
lie an individual |>ceuliaritv, and I did not find in the arrangement < f 
the nuclei iu the other disks anv evidence of an involution. 

The plotting of the nuclei, however, brought to light the method ht 
which the disks increased in size. This has already been descritied, and 
offer*, I Ixdieve, an explanation of the fact that iu some cases, as far 
instance in the cra\ti*h, the formation of the eve is attended with n a .i 
involution, whde iu other instances, as in Alphcus, no involution :• 
present. 
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It will be remembered that the superficial layer of nuclei in the optic 
disk of the lobster was divided into two regions. The one farther from 
the median plane has been called the distal region ; the one nearer, the 
proximal region. The broadening of the distal region produced the 
retina. By a proliferation of its cells the proximal region resulted in 
the formation of the optic ganglion. It is my opinion that this prolifer- 
ation of cells represents what is produced in the case of some Crusta- 
ceans by an involution, and that either an involution or proliferation, or 
possibly a combination of both processes, occurs in the eyes of all Crus- 
taceans. Whichever process characterizes the development of a given 
eye, it must be borne in mind that the involution or proliferation is 
connected with the formation of the ganglion only, and takes no part in 
the production of the retina. The latter is a simple thickening in the 
ectoderm ; the optic ganglion is developed either as a proliferation or 
involution of the ectoderm which lies close beside the retina. The 
results at which various iuvestigators have arrived, different as they 
may at first appear, can be harmonized, I believe, by this interpreta- 
tion of the origin of the retina and optic ganglion. 

In his account of the development of the eye in the crayfish, Reichen- 
bach £86, p. 85) has described an ectoderm ic involution, which occurs 
nearly in the centre of the optic disk. That portion of the disk which 
is farther from the median plane than the region of involution gives 
rise to the retina, so that the region of involution in the crayfish 
occupies a position which corresponds to the region of proliferation in 
the lobster. Not only do the two regions correspond, but the masses 
of tissue which are developed from each have certain peculiarities com- 
mon to both animals. In the case of the crayfish the mass of tissue 
which results from the involution becomes divided into an outer and an 
inner wall. These two walls are separated from each other by a band 
of nuclei, which are larger and lighter in color than the surrounding 
nuclei In the lobster the ganglionic tissue which arises by proliferation 
is divided into an outer and an inner part. The separation is effected 
by a baud of nuclei, which in position and structure resemble the band 
figured by Reichenbach. (Compare Reichenbach, '86, Plate XII. Fig. 
174, and Plate III. Fig. 41 of this paper.) The similarity presented by 
the bands of nuclei in the lobster and crayfish supports the conclusion 
that the involution in the crayfish and the proliferation in the lobster 
are homologous structures. 

An objection to this comparison might be raised on the ground that, 
according to Reicbenbach's statement ('86, p. 93), the involution in the 
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case of the crayfish gave rise to a mans of tissue which formed on the 
one hand the deeper part of the retina, and on the other a portion of 
the optic ganglion, while the cells which arise by proliferation from this 
region in the lobster produce only a part of the optic ganglion. Hut, 
as Patten ('87, pp. 208, 209) has shown, Keichenhach himself was not 
certain that any part of the infolded ectoderm contributed to the for- 
mation of tbo retina, Rcicheubach found it difficult to locate exact It 
the position which tho developing rhabdoiues occupied. On page 92 in 
his account ho describes a part of the outer wall(Ausserwand) of the in- 
folded ectoderm, and states his belief that in it the rhabdomes develop ; 
in fact, he describes certain red bodies which he says are without douta 
the rhabdomes themselves. On page 90 he admits that the layer in 
which ho Hiipposcd tho rhaUlonies originated may be a layer of nerve- 
fibres. Granting this interpretation, it is no longer possible to coiifcider 
the previously described red bodies as rhalxlomcs. Kcichcnlxtch docs not 
make this last statemeut, but his description implies it when he states 
that, although the region of the red Ikm lies may not bo tho region of the 
rhabdomes, yet the rhaUlomes doubtless originate in a somewhat more 
superficial part of the outer wall. Apparently ho has not identified the 
rhalidoiiics in their new jxmition ; at least, he makes no such statement 
in his text or description of plates. Since he has also admitted that the 
red Ixxlies may not lie rhalHlouics, I cannot see that he has positively 
identified any structure as a rliulxlome. Such lieitig the case, it is diffi- 
cult to understand on what uToimds he can maintain the assertion that 
the rhalHloiiH'H develop in the outer wall. If this assertion cannot U» 
defended, then it is |»ossihle that they may develop in the aii|H a rhc;al 
l»v|MMlcnui*. This would l>e analogous to the condition presented in the 

lobster. 

If the rlmlxloim« in tin' eve of the crayfish is devcloiicd, as I Uhe\e 
it i% in the hU|M*rtirial hypodcrmis, and not in the outer wall of the in- 
folded h\|>odermis, the objection which was suggested in hotnolo^i/iu^ 
the involution in the eve of the crayfish with the proliferation of cell* 
in tin* eye of tin* lobster has no weight. 

In tin 1 development of the eye of ( 'raugon. according to Kingslcy** 
('>•'•» account, there is also ,m optic invagination. If what 1 hnve At 
tempted to show in regard to the eves of the crayfish l>e true, then th:* 
invagination in t'nuiu'on should he conueeteil with the formation of the 
iT'LU^'lion niilv. Tin-*, as I have already stated, is not the view held hv 

• • • 

Kinsley, for he maintains that the outer wall of the invauinated |MK*k<t 
tri\ei rise to the retina, and only the inner wall is concerned in the pr»~ 
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duct ion of the ganglion. This is fundamentally different from the con- 
dition found in the lobster. The difference, however, is due, I believe, to 
the fact, that in describing the later stages of development Kingsley has 
pointed out a cavity which he believed to be the cavity of the invagi- 
nation, but which in reality is not. The cavity which he has marked oc 
in his Figures 3, 4, and 5, is unquestionably the cavity of involution, 
but the space marked oc in his other figures is, in my opinion, a part of 
the body cavity. 

My reason for this belief is as follows. The cavity of an involution 
such as is found in the anterior median eyes of spiders or the median eyes 
of scorpions is, when it has lost its connection with the exterior, a closed 
ectodermic sac That such a cavity should be occupied by migrating 
mesodermic cells seems to me extremely questionable, for in order to 
enter the cavity it would be necessary for the cells to penetrate one 
wall of the vesicle. This of course is not impossible, but it is not borne 
oat by analogy with the Arachnoids. The cavity which Kingsley has 
marked oc in Figure 7 is occupied by several mesodermic nuclei, and 
what is more important, perhaps, is that it is apparently connected with 
other cavities in the embryo. These cavities also contain mesodermic 
tissue. Excepting Figures 3, 4, and 5, the cavities marked oc I believe 
to be homologous, and I further believe that they represent, not the 
cavity of involution, but the space which intervenes between the infolded 
pocket and the superficial ectoderm. This is a part of the embryonic 
body cavity, and is of course readily accessible to mesodermic cells. 
The late of the real cavity of involution is not so easily discovered. 
Probably, as in the case of the crayfish, it is obliterated in the mass of 
tissue from which the retinal ganglia arise. 1 

If the interpretation which I have suggested in the preceding para- 
graph be admitted, the development of the eye in Crangon is essentially 
the same as in the lobster and crayfish. The proliferation in the optic 
disks of the lobster is represented by an involution in the disks of 
Crangon. The cavity of the involution disappears in Crangon, and its 
walls give rise to ganglionic tissue. The part of the superficial ecto* 



this paper was written, I have received a copy of the third part of 
Kingsley '• studies on the development of Crangon. As the following quotation 
will show, Kingsley (*80, p. 20) has materially changed his views as to the forma- 
tion of the retina : " I may say here that I am inclined to believe that I fell into 
error in my account of the development of the Compound Eye of Crangon, and 
that the invagination or inpushing which I there described as giving rise to the 
otnmatiriial layer of the eye, in reality gives rise to the ganglion of the eye which 
in the adult if contained within the ophthalmic stalk." 
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derm which is immediately external to the ganglionic involution thickens 
and produces the retina. 

The mode of development which Patten has suggested for the com- 
pound eye of Arthropods has not received any support, so far as 1 ain 
aware, from the embryology of the Crustacean eye. The only obaerva- 
tious which go to confirm Patten's opinion are those of his own on 
Vcsjja, Mat to, and the Phrygauids. Possibly the compound eyes of 
Crustaceans may l>o developed upon a different plau from those of Hexa- 
pods. Certainly the evidence which Patten has given for the Peri pat ua- 
like type of the compound eye of llcxapods has not t>ecn found in auy 
of the Crustacea. According to Patten's view of the origin of the c«*m- 
pouud eyes, the corneal hy|xxlermis should arise on the sides of the 
optic area, and spread over the retina until the latter is entirely cov- 
ered. This constitutes the closing of the shallow vesicle. When I 
come to describe the differentiation of the ommatidia, 1 beliove it can t« 
showu lieyond a doubt that in the lotwter the corneal hyjiodcnuis ari**» 
not by any lateral growth from the edge of the optic area, but by a 
simple process of dclamination. The cells of the conical hypodennts art 
the differentiated sii]>erficial cells of that thickeuing in the hypodennis 
which produces the retina. Thus the plan which Patten has suggested 
for the compound eyes in Arthrojnxls is not supjKirtcd by the evident* 
derived from the development of the lotwter. Patten himself ('£*, 
p. 202) admits that iu Vespa he did not see the closure of the hyj«>- 
dermis over the retina, and that in Itlatta and the Phrygauids i>7, 
pp. 2^8 and 211) the proeess is very nhscure. 

The researches of ('arrirre poiut to a ty|H? of comjxumd eyes for tht 
Hi'\u|mm1h which is similar to that exhibited by the lottstcr. It is |-**j 
Mr that the vesicular origin of the eoni|M>tiud eyes of llexap*id*, «>nin^ 
to th«-ir obscure mcth.nl of formation, may have lieeii overlooked by 
Carnere, hut I nm inclined to U'lieve, after a consideration of Itoth »».d<« 
of the question, that the evidence favors the simpler method of on^f-. 
and therefore thut tin* coni|>oiind o\vh of UexafKsls as well as CruMa- 
cettns ariM* it* simple h\|»odcrmal thickenings. 

In Mvhin, aceordiiiL! to Ntishanin ('S7, pp. 171-18f>), the devvb-p 
ii. flit «-!' the I'M* follows cxMt'iitiullv the same course us that whirh I hair 
ii*. nl «■•! hi tin* lobster. Tin- optic disks are formed and the pm^li«»ii:o 
and retinal °jH»rtmu* arc diuVrcntiatcd in the game manner in Ixith c:im* 
The ih*\i'loiiint nt nf the retina is hli'ditlv complicated in Mvsis bv t!.* 
flu t that, iii-tr.i'l of lvinu' in one plane, «*r verv nearly so, the retina :« 
*tr<'U r 'ly folded "ii itself, so as to give the ap]>earance of two lamella*, an 
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internal and an external one. The retinal elements are differentiated 
earliest in the internal lamella. As the eye becomes more distinctly sep- 
arated from the body, the internal and external lamellae are unfolded so 
that they are no longer distinguishable as separate parts. The retina is 
developed from the thickened layer of hypodermis. So far as Nus- 
baum's observations extended, the ganglion is produced without an 
involution. 

The development of the compound eye in Alpheus has been stud- 
ied bj Herrick ('86, '88, and '89). The course of development is 
almost identical with that of the lobster. 1 The optic disks after they 
thicken are cut by a basement membrane into a ganglionic and a reti- 
nal portion. There is no involution connected with the formation of 
the eye. 

In the introduction to the development of the lobster's eye, mention 
was made of four structural types which the work of different investi- 
gators indicated as possible plans for the compound eyes of Crustacea. 
I have given reasons for excluding three of these. The type of eye 
which Patten has advocated is unsupported by the embryology of the 
Crustacea, Reichenbach and Kingsley misinterpreted structures in the 
eyes which they studied, and were consequently led to erroneous con- 
clusions. If the interpretations which I put on the work of these two 
investigators be admitted, all studies on the development of the com- 
pound eyes of Crustacea point to one conclusion, namely, that in these 
eyes the retina originates as a thickened layer of hypodermis, and is not 
modified by any form of involution. The involution when present is 
connected with the formation of the optic ganglion only. In the pro- 
duction of the ganglion, the involution can be replaced by a proliferation 
of the cells. 

The Optic Nerve. 

The development of the optic nerve * is intimately connected witff the 
formation of the intercepting membrane. Before the formation of this 

1 I have had an opportunity of examining Dr. Herrick's unpublished plates on 
the development of Alpheus, and Dr. Herrick has kindly looked over my figures 
of the lobster. The correspondence between the method of growth in the eye of 
Alpheus and Homarus is certainly very close. The few differences that were 
noticed were such as might be expected between different species. I take this 
opportunity of thanking Dr. Herrick for his kindness in extending to me the use of 
his plates. 

3 The optic tracts of a lobster consist of four principal parts. The first of these 
is the retina, from which nerve-fibres lead to the optic ganglion. These three 
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membrane the retina and ganglion is one continuous mass of cells 
(Fig. 38). When the intercepting membrane is formed, tbe retina and 
ganglion are apparently separated (Fig. 39). I am of opiuiou, however, 
that this separation is ouly apparent, and that in reality the two struc- 
tures are still in connection. At least in this stage and in stage (* 
(Fig. 41) nuclei are frequently found lying directly across tbe mem- 
brane. These nuclei present so normal an appearance, and their oc- 
currence is so frequent, that I cannot believe that their position is due 
to accidental displacement. My only way of accounting for the place 
which they occupy is by supposing that the basement membrane is 
perforated where they are found. The membrane was probably pro- 
duced in tbe form of a net, through the meshes of which tbe retina and 
ganglion retained their original connection. Kither this is true, or it 
must be admitted that the retina and ganglion were first connected, 
then separated, and finally reconnected ; a supposition which seems to 
me unnecessary as well as improbable. From stage C to the adult con- 
dition the retina and giinglion are unquestionably connected by nerve- 
fibres. If tbe conclusion arrived at concerning the origin of the o|4ic 
nerve is correct, it follows that the optic nerve cannot bo properly 
described as an outgrowth either from the retina or from tbe ganglion, 
but it must be considered as a remnant of the original connection which 
ex luted between retina and ganglion. Patten ('87, p. 19G) has descnl*d 
essentially tbe same method of origin for the optic nerve of Vcupa. The 
format inn of the optic nerve from tissue which represents tbe original 
connect inn of a |M>rtion of the optic ganglion with the su[>erhrial ecto- 
derm is doubtless a reproduction of the method by which that nrrve 
arum* pli\ logenctically. 

The fart that the fibres of the optic nerve are from the outset attached 
to the proximal ends of the retinuhe is of significance in dctiTiniti.ru; 
the plan of the eye. Of the four structural ty|n ( s of compound eves 
wliH-h ha\«- been siiir^ested, that which Kingsley has presented invfhe* 
tin- inversion of the middle or retinal layer. Mark (*S7 t pp. !•!, 'J'. 1 ) 
has hhown that when the retina is inverted, as in the anterior median 
eyes of spiders, tin' nerve fibres are at first attached to the luorpholoci- 
callv deep ends of the retinal cells, and that the attachment after* an 1* 
migrates toward the other ends of these cells. From the fact that m 

part*, retina, in-rvi . aiwl tfnnu'li'tn, are rontuine<l in the eye-ntalk. The fourth part 
i« a m*i «it.«l t>iiii>llr "f iit-r * •- til»re* wtnrli i-mmiM-t the optic and ccphalu- £.iri£i;» 
In utiii}f tin* term i-piie none I rt fer to thai collection of fibres which unite* the 
rvlina and untie gaii^li"!!. 
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Crustaceans the nerve-fibres are always attached to the proximal ends of 
the retinulae, it can be argued that the retina in this group has never 
been inverted, but retains its original position, and that any structural 
plan which involves the inversion of the retina is therefore probably 
wrong. 

The Differentiation of the Ommatidia. 

In the development of the compound eye in the lobster, the deposi- 
tion of pigment and the differentiation of the ommatidia take place 
at about the same time. These changes occur at stage C. (Compare 
Figs. 39, 41, and 42.) At this stage (Fig. 41) it will be observed that the 
retinal layer is thickest at the lateral margin of the disk (the extreme 
left in Fig. 41). The retina becomes thinner as one proceeds from the 
margin toward the median plane (from left to right in the figure). 
The thickest part of the retina, it will be recalled, was the part first to 
be separated from the ganglion by the intercepting membrane. As it 
was the first part of the retina to be separated, so it is the first part in 
which the ommatidia are differentiated and pigment is deposited. 

The first steps in the differentiation of the ommatidia are seen in 
Figure 42. Here tho nuclei in the thicker part of the retina have sep- 
arated into two bands, one distal (y), and one proximal (x). The distal 
band, as I shall presently show, can be further separated into a super- 
ficial and deep layer. These two layers are close to the outer surface 
of the retina, and approximately parallel with it. 

The arrangement of the nuclei which make up the distal band is most 
easily observed when the retina is viewed from the surface. The group- 
ing of these nuclei, from the time when the ommatidia are differentiated 
to the adult condition, is so characteristic that the fate of the individual 
nuclei can be easily traced. For the sake of simplicity I shall therefore 
designate the different nuclei, from their first appearance in groups, by 
the names of the cells in which they are ultimately found, although it 
is to be borne in mind that in the early stages the cell walls are not as 
yet differentiated. 

Viewed from the surface, the superficial layer of the distal band of 
nuclei presents the appearance which is shown in Figure 43. In this 
layer there are two kinds of nuclei, one elongated, the other roundish. 
The elongated ones are always in pairs. They ultimately become the 
oodei of the corneal hypodermis. These hypodermal nuclei arise from 
among the superficial nuclei of the distal band, and do not originate, as 
Patten believed ('86, p. 645), from a fold which grows over the retinal 
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area. Of course the number of pairs of hypodcrmal nuclei equal* the 
iiumtor of ominatidia. In the earliest (stages iu which the ommatuiis 
have been seen there were always three or four pairs of hvpodcrnud 
nuclei, so that it is probablo that tho first step in differentiation is the 
simultaneous production of three or four ommatidia. 

The second kind of nuclei iu the su]>erficial layer are roundish and 
arranged iu circles of six around each pair of hypodcrmal nuclei. The 
circles are so combined that each nucleus plays a part in three circles ; 
and as there is one circle for each ommatidium, it follows that only one 
third of each nucleus belongs to a given ommatidium, or, if one esti- 
mates tho nuclei as units, only one third of each circle of six nuclei, or 
two nuclei, belong to an ommatidium. These nuclei represent the evils 
which in the adult have lieen called tho distal ret inula?, and of mh:cb 
there was a single pair to each ommatidium. 

Tho deep layer iu the distal band of nuclei lies directly below tlrf 
superficial layer (Fig. 42). The nuclei which constitute this layer are 
all of oiio kind, and are arranged in groups of four (Fig. 44). Thtr 
represent the cells of the crystalline cones. The centre of a given group 
of cone-nuclei is directly lielow the centre of a pair of hypodermal nucln. 
At this stage the cone-cells ctm be olwcrved as elongated pyramid*, 
which lie with their buses in the region of their four nuclei, and lUnt 
apices extending into the dee|>er {Hirt of the retina (Fig. 42). 

The nuclei of the proximal baud show at this stage no Hjieciul arrange- 
ment. They migrate tothedeej>er part of the retina, and there under.* • 
furt her ch-mire. I let ween them ami the basement membrane the J- v 

Unlit is dt'l'tisitrfl. 

Tin' ni'M noticeable changes which tho retina us a whole now under 
gn«-s are two, First, it thickens until it is throughout nearly a> th:rk 
»h m tin* r»L'i"ii where the uuituatidia were first differentiated, (tViii- 
pan- Fil"*. !•"• and 1*1.) Seeniid, the iimul>er of nmumtidia greatly :i. 
civ:i"»rs. TIh'm* two changes, the thickening of the retina and tin" 
j.r<"lurt ii.ii nf iirw oniinntidia, gti hand in hand and spread over the 
;.'• iiet'al fciirfiee i.f the r\v, In-m the region in which the first omtn:it:<l:a 
aj-j'i;ir. It i-> worthy of notice that the new ommatidia are c« instructs! 
fr- -in thi* undifferentiated ccIIm which imiuediatelv surround the area »f 
utiiiiiatidi't already tinned. <«1N mice ilicor]M»mted ill a given ••IlillU- 
ti!:<nu ikmt iii niiv wav eotifrihiite to the formation of other <»mtnut >\ v 
NI-r- .'\rr, hi tlii- d.fh -rriitiatii'ti of an <>tuiiiatidium no celK are h". 
Utuii-n it aii-1 th>- ii'ijiih«>riuir oiiitnatidia. si> that ommntidia mice .v! 
joining each t'thi-r remain v. In other wunN, new ommatidia tin* n< f 
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produced between old ones, but only on the edge of the ommatidial 



The changes in the ommatidia themselves can be studied most readily 
in longitudinal and transverse sections of the retina. Figure 47 is an 
enlarged drawing of that portion of the retina which is marked by a 
bracket in Figure 46. It will be noticed that in this stage, E, the nuclei 
are limited for the most part to the distal half of the retina. The 
middle of the retina is occupied by a band of pigment, which gradually 
fades as it approaches the basement membrane. The space between the 
basement membrane and the ganglion is relatively narrow, and is occu- 
pied chiefly by nerve-fibres. Returning now to the nuclei in the distal 
half of the retina, it is to be observed that the general arrangement 
which was pointed out in the last stage also persists here. The nuclei 
of the distal retinulse are still in oircles of six (compare Figs. 47 and 
48, nl. dst.), and are very close to the external surface of the eye. In 
the centre of each circle is seen a round pink body, the tip of the cone- 
cells (Fig. 48 con,). Directly below the level of the nuclei in the distal 
retiuulse are the pairs of nuclei belonging to the corneal hypodermis 
(Figs. 47 and 49, nl. cm.). Each pair of corneal nuclei surrounds the 
distal end of the cone. 

Below this level one meets the four nuclei of the cone-cells (Figs. 47 
and 50, nL con.). From the side view (Fig. 47) it will be seen that the 
groups of cone-cells are spindle-shaped in outline, and have their nuclei 
arranged in a transverse plane at the thickest part of the spindle. The 
nuclei which in stage C formed the proximal band are scattered in this 
stage between the deep ends of the cones (Fig. 47, nl. px.). They are 
not definitely arranged. In order to estimate the number of nuclei in the 
proximal band for each ommatidium, I counted these nuclei as seen in a 
series of tangential sections. In the outermost section in which the prox- 
imal nuclei occur there were six nuclei around each cone. These nuclei, 
however, were arranged in circles similar to the circles of the corneal 
nuclei ; consequently for each ommatidium there were only two nuclei 
in each circle of six. The remaining nuclei were all embraced in the 
two succeeding deeper sections. In each of these two sections there 
were about nine nuclei around each cone. The arrangement of these 
nuclei was extremely irregular, and it was consequently difficult to 
estimate the number of nuclei which belonged to one ommatidium. 
Most of the nuclei were situated between three cones, therefore, about 
ooe third of the nuclei around a given cone can be considered as belong- 
ing to the ommatidium represented by that cone. As there were in 
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these two sections about eighteen nuclei around each cone, it follows 
that one third of this number, or six, represents approximately the u um- 
ber of nuclei for each ommatidiuni. If then the deeper sections con- 
tain six nuclei for each onimatidium and the outermost sectiou two, the 
total number of proximal nuclei for each onimatidium must be eight. 
I do not mean to imply that this estimate can be insisted upon as abso- 
lutely invariable ; but I wish to show that, as theso nuclei represent the 
proximal rctiuuhu in an adult lobster's eye, and as there arc eight 
such rctinuhc and about eight of these nuclei to an ommatidiuni, the 
change which the eight embryonic cells undergo in becoming adult 
rotiuulu) is chicHy that of arrangement, and certainly does not involve 
any considerable increase in numbers. 

At stage K, which was the one last described, the young lobster wbj 
alwut to escape from the egg-shell. The next stage, F, is that of a 
lolmtcr al>out one inch in length. At this stage the optic lobes arr 
represented by optic stalks, and the distal rounded end of each stalk if 
occupied by the retiua. Figure 51 represents a longitudinal section U 
a single ommatidiuni from this stage. The distal end of the ommatui- 
iuiii is covered with a well dcvclo|>ed conical cuticula. The cuticula 
is marked out into hexagonal corneal facets (Fig. 52). The facets of 
course indicate the arrangement of the ommatidia. This arrangement 
at the first differentiation of oinmatidia was such that hexagonal and 
not square facets would have resulted if a cuticula had Iweii then 
produced. 

1 h recti v Udow each corneal facet in a pair of crescent ic nuclei, tho*? 
of the corneal hY|N»dcriiu* (Fig. 5*1, #*/. **/•«.)• These nuclei have in all 
prcci-duig Mages shown a tendency to become elongated and erewrnt.c 
in outline, but it is in this Htage that this jH*euliarity reaches it* highlit 
development. Hit ween each pair of hy|x>dcrmal nuclei the distal ou*l 
of flu- ci>iieci*lls is usually seen (Fig. 5.'l, oiii.). The four coiieciTu 
with tlifir nuclei occur immediately below the conical hviHslerm.% 
(Figs. *»1 niiil ."»!, ;#/. '*"«.). The cone itself is already formed hi part, 
and Ins 1m dim the nuclei of the cone cells. IVoximallv the four «w 
oils can In* tracts! to near the middle of the retina; hen* thev an- n*» 
longer diMiiigui«dinMe. The proximal end of the coin* itself terminate* 
as four priH*i^«»i«s, one on the outer lateral wall of each cone-cell (Fig. '»•** 
>urTonndiiiL r the com* about midwav on it* length are the nuclei of tb<* 
• Is-f il n tmula- < Kiirn. ."»1 and ."»."», w/. tf*t.). In transverse srctii'ii* vf 
-1 ige 1", these nuclei show the srimc* grouping in circle« <»f nix as th«\ 
hh-wi-d ui pri-M««u-i stages. The outlines of the ret in u he are not vimMr. 
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The substance in which the nuclei lie contains a few granules of pig- 
ment. Below the proximal end of the cone the nuclei of the proximal 
part of the retina can be seen. These are not so definitely arranged 
that they can be counted. They occur on several planes. Fortunately, 
their cells in this stage have very distinct outlines, and a short distance 
below the nuclei one can see with perfect clearness the seven retinulse 
which surround each rhabdome (Fig. 57, rtn!. px.). Occasionally, as is 
seen in Figure 57, the nucleus of the retinula occupies a position in its 
cell as deep as the plane of this section. The proximal retinulse contain 
a few pigment granules. On account of the great similarity of the 
groups of proximal retinulse, I have not been able to plot and super- 
impose sections with certainty ; and as the nuclei of the proximal retin- 
ulae are placed at different levels I have not succeeded in identifying 
an eighth nucleus, which, it will be remembered, was pointed out in 
the histology of the adult eye as probably representing a degenerate 
retinula. 

At this stage the first trace of the rhabdome appears (Fig. 57, rhb.). 
It is a cylindrical thickening in the centre of each group of proximal 
retinulse, and extends from a short distance below the crystalline cone 
Terr nearly to the basement membrane. From its earliest appearance 
it is divided into four segments, which bear the same relation to the sur- 
rounding retinulse as they do in the adult. (Compare Figs. 58 and 34.) 
Nothing has been observed in the development of the rhabdome which 
indicates the significance of the four lines by which the segments of the 
rhabdome are separated. 

Owing to a lack of distinctness in the tissue near the basement 

membrane, I have been unable to identify the individual retinulse in 

that region. What I have observed is, that fibres pass from the retina 

through the basement membrane and into the optic ganglion. Pre- 

fnmably these fibres are from the proximal ends of the retinulse, and are 

grouped as I have described in the retina of mature lobsters. 

At this stage the only observation which I have made bearing on the 
question of nerve termination is as follows. In each proximal retinula 
near the rhabdome there are one or two fibres which extend nearly the 
whole length of the retinula. In transverse sections they of course 
appear as dots (Fig. 58, /^r 7 .), and might be mistaken for the remains 
of pigment granules were it not for their sharper outlines and the regu- 
larity of their arrangement. I am of opinion that they are the first indi- 
cations of nerve-fibrillae, which, as I have pointed out in the section on 
Histology, lie in the adult eye next the rhabdome. 

VOL. XX. — HO. 1. 4 
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The cells which I have thus far described in the differentiation of the 
ommatidia are unquestionably ectodermal in origin. In stage F certain 
nuclei appear which may have another origiu. It will be recalled that 
in Htage C (Fig. 41), although the intercepting membrane is well devel- 
oped, the retina and optic ganglion are still closely applied to each 
other. In stage D (Fig. 45) the retina and ganglion have scjki rated 
enough to form an intervening space of considerable extent In sta^e 
K (Fig. 4t») this space not unfrequently contains several nuclei. The*? 
are smaller than tho ectoderm ic nuclei in the retiua, and of about tlie 
size of those in the ganglion. Their chromatine differs from that *4 
Ixrtb the retinal and ganglionic nuclei, in that it has the form of very 
distinct particles which give the nucleus a decidedly granular ap|>cnrnnre. 
Moreover, these uuclei, which 1 believe to he mesoderm ic in origin, are 
variable in shaj>o, whereas the different kinds of cctodcrmic nuclei |m«- 
sess characteristic forms (Fig. 47). In stage F the SfMice between tlie 
retina and ganglion also contains a few mesoderm ic nuclei, and hituilar 
onus are noticeable in the Inisc of tho retiua (Fig. 51, n/. pit;.). The 
latter are different from the nuclei of the proximal ret inula* (Fig. 5 1, 
hL pjr.) 9 and resemble so closely tho nuclei which iu the adult have Uvn 
descrilwd as belonging to the accessory pigment cells, that I behove 
them to In) the nuclei of those cells. 1 

From stage F to that of the fully grown lolwtcr the chauges in the 
retiua are, with one exception, rather insignificant. The (tarts of tin? 
retina inerease considerably ill size, esisciallv at the distal end uf 
tin- niiiiii;it ltlintn. and additional pigment is dc]M»hitcd in the dinful and 
proximal retmuhr. The only change of importance which the i-\e 
linden:**'** before full maturity is reached is a rearrangement <>f tin* 
ommatidia. It will Ik.» remembered that up to stage F the oinumthi:a 
were h« i arranged in relation to each other that the resulting c« -rural 
fleets were hr\;i^*n:il in outline. In the adult lobster the facets are 
sijuare. The chun^e from the six- to the four sided facet is ell'evti-d. 
I believe, by a partial slipping of rows of ommatidia on each oth« r. 
Imagine, iu Figure .*>.*», a row of ommatitlia extending in the direct iei» 
of the arrow and mi either side, and parallel to this another row. < »n!y 
one oii,iii:tti<liuiii in c.u-h of these two lateral rows is given iu the Injure. 

1 WIhmi tlie )>reliniif]:iry nnthv of this paper wn4 written. I w«n noincwhat in 
t|inilit n» to the ••rik'in <>f tlie ii<-eer>«<>ry piirinentivll*. I hat! lint then liml tie >-p 
|inrt unity of ^t u>1\ m^ ■ Inp* V. ;unl I w;m ut opinion thrit tht»»e eel I* were prolwKt 
of i-f-tiMlermit' uritfin I ht-lii-te that tlie evidence which la now at liand inUicaitf 
that Uivy are cell* «kn>«<l from the niep<Mlenii. 
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Suppose the individual ommatidia of the three rows to be arranged in 
reference to one another as the four in Figure 55 ; i. e. the ommatidium 
of one row covering the open 6 paces between two ommatidia in the 
adjoining row. Under these conditions hexagonal facets would be pro- 
duced. But now imagine the middle row to move in the direction of 
the arrow through the distance of half the thickness of an ommatidium. 
After the completion of this movement, the ommatidia of the middle 
row are directly opposite the ommatidia of the adjacent rows. With 
this arrangement the ommatidia can be grouped in square blocks of 
four, nine, etc This is the grouping which obtains in the adult retina, 
and the facets resulting from it are square in outline. In the more 
primitive arrangement, that with hexagonal facets, the ommatidia can 
also be grouped in blocks of four, nine, etc. These blocks, however, 
are never square in outline, but lozenge-shaped (Fig. 55). 

The process of rearranging the ommatidia is accomplished at a period 
in the growth of the young lobster much later than that at which the 
nenre-tibres have arranged themselves in relation to the openings in 
the basement membrane. Such being the case, one would expect to 
find in the deeper part of the adult retina traces of the more primitive 
arrangement. This is seen, I believe, in the lozenge-shaped outline 
which groups of four ommatidia present in the deeper part of the retina. 
A good instance of this is to be seen in Figure 14, although it is ap- 
parent in almost all of the transverse sections which include the proxi- 
mal reticular One might say that the ommatidia were rooted to the 
basement membrane when the hexagonal system prevailed, and that the 
rearrangement fully affected only their free distal ends. 

The movement suggested as a means of rearranging the ommatidia 
not only explains the new position of the ommatidia, but also accounts 
fa the situation in which the nuclei of the distal retinulai occur. In 
Figure 55 each ommatidium is surrounded by a circle of six nuclei. 
Theae belong to the distal retinulae. Instead of describing them as 
being in circles of six, it might be said that there is one nucleus at each 
corner of every cone. Thus, cone x (Fig. 55) has nuclei 1, 2, 3, aud 4 
*t its four corners, and cone y has in a corresponding way nuclei 5, 6, 7, 
lod 8. If the cones were to move as I have already described, and 
w «e to carry their surrounding nuclei with them, the result would be 
that nucleus 5 would come to lie next to nucleus 2, and 7 next to 4, and 
ao on. In other words, a pair of nuclei would occupy each space be- 
tween the adjoining angles of four adjacent cones. This is the position 
which the nuclei of the distal retinulse occupy in the retina of an adult 
lobster (Fig. 5). 
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Several investigators have already described the development of tht 
ommatidia in the compound eyes of the higher Crustaceans. The differ- 
ent accounts disagree especially in two particulars ; first, as to the souret 
of the different structures in the retina, and, secondly, as to the numb* 
and arrangement of the cells in an ommatidium. In describing thi 
development of the retina, I have already discussed the first difierenea, 
and need here only recall my conclusion; namely, that the retina, includ- 
ing the oorneal hypodermis, crystalline oones, retinufae, and rhabdoaas, 
originates as a simple hypodermal thickening, and that no part of it a 
derived from the deeper ectoderm, which beoomes the central nervooj 
system* As to the number of cells which constitute an ommatidium, it 
will be reoalled that in the lobster there are at least sixteen in sack 
ommatidium ; two in the oorneal hypodermis, four cone-cells, two distal 
retinula, eight proximal retinuln one of which was rudimentary, and a 
small, but variable number of acoeasory pigment-cella. The last sit 
probably mesodermio in origin ; all of the others are derived from tin 
ectoderm* 

The several acoounts of the oorneal hypodermis given by variooi 
authora differ principally in the number of cella which are said to bt 
found in each ommatidium. Keiohenbach ('86, p. 91) and Nusbaum 
('87, p. 179) atate respectively that in Aataoua and Myaia there an 
four hypodermal cells in each ommatidium. Nushaum's statement 
is further supported by Gronacher ('79, p. 118), who describes four celb 
under each facet in Mysis. Hcrrick ('89, p. 1G7) has found two hypo- 
derma] cells in the ommatidium of Alpheus. Patten states that tbi 
uiiiiit>er of corneal cells in the omtuatidia of all Decapods which he bai 
examined is two. 

All the direct evidence that I havo seen points to tho conclusion that 
the ommatidia of the Decapods possess two cells in the corneal hyp* 
dermis. Itcichenlmch'a observation directly op(>oses this view. I have 
not hail the opportunity of examining the same B]>ecio8 aa Iieichcnliach 
did, but I have studied a representative of tho fresh-water crayfishes, 
Camfxtrvs Jtttrttmi y and there is no question that in tho ommatidium 
of this species only two corneal cells are present. Tho nuclei of these 
two cells lie in the angle* of tho hy]K>dennal squares, each one direct It 
alxive a nucleus of a cone-cell. When viewed from tho surface, it it 
cliff it-ult to say whether there arc two or four hypodermal nuclei, be- 
caiiftc the four nuclei of the cone lie so near to the hypodcruiis and 
rcticmlilo its nuclei ho closely. It seems to mo possible that in 
his surface view Iteichculwch ('Ht», Fig. 22<>) may havo drawn with 
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ie bypodermal nuclei those of the cone-cells, thus giving four instead 
' two. 

The four nuclei in the corneal hypodermis of each ommatidium, as 
escribed by Nusbaum in the case of My sis, had already been seen by 
renacher, who further stated that the nuclei were arranged in pairs at 
wo levels. Grenacher does not describe nuclei in the two segments of 
ie crystalline cone. In the retina of My sis stenolepis, the four nuclei 
rhich were described by Grenacher are easily identified, but I cannot 
gree with Grenadier's statement ('79, p. 118) that all four belong to 
be same category. The more superficial pair unquestionably belong to 
the corneal hypodermis, but the deeper pair, I feel confident, are the 
nuclei of the crystalline cone. The conclusion to be drawn from this 
interpretation of the work of Reichenbach, Nusbaum, and Grenacher is, 
that in Decapods and Schizopods each ommatidium possesses two cells 
in the corneal hypodermis and only two. 

Concerning the number of cone-cells in the ommatidium of Decapods, 
different writers very generally agree. Reichenbach, Kingsley, Herrick, 
tnd Patten all state that there are four cone-cells in the Crustaceans 
which they have studied. 

In the cone-cells the number four, according to Grenacher, is charac- 
teristic not only of Decapods, but, excepting the Schizopods, it is the 
distinguishing feature of the Podophthalmata. In Mysis, Grenacher 
ttates that the cone has two, instead of four segments. I have studied 
the eyes of Mysis stenolrpis, Smith, and my observations confirm this 
totement. Notwithstanding Grenacher's assertion, Nusbaum ('87, 
p* 179) claims that the nuclei of the cone-cells in Mysis are grouped 
in fours. I am confident that there are only two nuclei in the adult 
cone, and having seen no evidence of a suppression of two nuclei, I 
must consequently side with Grenacher in his belief that the cone of 
Hjbs is composed of only two cells. 

The differentiation of 'the retinulse into distal and proximal groups is 
more complete in the lobster than in the majority of other Decapods 
studied. As a result of this ' incomplete differentiation, it is often 
impossible to get exact statements from the descriptions of different 
aotbors concerning the number and position of the retinulse. 

Reichenbach ('86, p. 93) maintains that in Astacus, after the four 
cooe-cells, and as he believes the four hypodermal cells, were differ- 
entiated, the remaining cells became pigment-cells (retinulae). Essen- 
tially the same account is given by Nusbaum ('87, p. 180) for Mysis. 
('87, p. 53) states that, in addition to the corneal hypodermis, 
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each ommatidium in Crangon at fimt oonststs of four vertical aeries af 
nuclei, each series containing five nuclei. This would give a tolal af 
twenty cells for each ommatidium. After deducting four, the number 
of oone-cells, from twenty, the original number of oells, there remain 
sixteen cells to be accounted for, presumably aa pigment-cells. I haw 
examined the eye of an adult Crangm vulgaris and I find in it, aa in 
the lobster's eye, two distal retinitis and eeven proximal retinulss. Thia 
can scarcely be reconciled with Kiugsley's account, unless one admils 
an extensive suppression of cells. Such a suppression sunns to ma 
acaroely probable, and I am therefore inclined to believe that there 
has been some error in Kiugsley's method of counting. Poanfary 
the series of nuclei were so placed that they were shared by neigh- 
boring ommatidia, and did not all belong to one ommatidium. Th* 
however, could only be eettled fay re-examining the early etages of 
Crangon. 

Herrick ('86, p. 44) describes seven retinuliD in the ommatidium ef 
Alpheua, and makes the statement that they do not possess nuclei Bs 
then describes some undifferentiated ectodermic cells, the nuclei ef 
which can be seen in the space between the oonea. As thia is tht 
position which in the young lobster is occupied by the nuclei of tht 
proximal retiuuta, aud as Herrick has not identified any nuclei fcr 
the proximal retinnlte in Alpheus, I am inclined to regard the deep* 
nucloi of this group as belonging to these cells. The more superficial ef 
the nuclei described by Herrick are apparently arranged in circles ef 
six around each cone. (Com|>aro Herrick, '86, Figs. 1 and 2.) As in tht 
early stages of the lolxtter this arrangement was characteristic of tat 
nuclei in the dintal retiuuhe, it is possible that those superficial nochi 
in AlplnMiM may represent the distal retiuuhe. 

ICeirheiilmch ('SO, p. <»2), Kingsley ('87, p. 52), Nusbaum ('87, p. 179)» 
and Ht<rrick ('HU, p. 107) deneribo an ingrowth of niceoderuiic tosm 
between the retina ami ganglion, and in Myitis, according to Nushausi 
('87, p. I80) f theso cellx, as in the lobster, givo riso to what 1 hsvt 
called the accessory pigment-cells. 

From the invent i gat i mis which have t>ecti mimmarized in tho preojl 
ing (mires, it is ditlicult to draw any general conclusion c on cer n ing tW 
numU'r nf retinuhe in the ommatidia of the higher Crustacea. Ketchf*- 
Imu-Ii and Nusliaum uuikc no utatement as to tho number of these cdb 
in AhtactiH and My Mia, Kinpd»VK ciiuineratii>n of them in Cranjm 
serum to he erroneous. Atlmittiug the undifferentiated eetodetw* 
uuclei in Alpheus to he the nuclei of the ret inula?, Herrick's stateo** 
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that there are seven retinulae in the ommatidia of this Crustacean coin- 
rides fairly with the results obtained from the lobster. 

From the histological evidence of the adult, on the other hand, writers 
ire generally agreed that the ommatidia of Decapods possess seven 
proximal retinal®. It is probable, however, that this statement requires 
tome qualification. It will be recalled that, in describing the proximal 
netinulae of the lobster, I referred to an additional nucleus which ap- 
parently represented an eighth rudimentary retinula. I have identified 
this eighth nucleus in the ommatidia of Cambarus, where, as in the 
lobster, it lies in a plane different from that of the other seven nuclei. 
If the eighth nucleus should be present in approximately the same 
plane as the other nuclei, it could be identified only with great difficulty. 
It is my belief that it often occurs in this position, and probably 
for this reason it has generally escaped the attention of investigators, 
for I am of opinion that it is present in the ommatidia of all Decapods. 
When, therefore, the statement is made that the ommatidia of a certain 
Decapod contains seven proximal retinulae, the probabilities are that 
the ommatidium in reality contains eight proximal retinulse, one of 
which is rudimentary. 

Concerning the Schizopods, Grenacher states ('79, p. 119) that in 
Mysis there are more than four proximal retinulae, but how many more 
he is not certain. In Mysis stenolepts my own observations have shown 
me that there are certainly seven pigmented proximal retinulae. This 
number agrees with the number of functional retinulae in Decapods, and 
■J opinion is that in Mysis, as in Decapods, an eighth rudimentary 
proximal retinula may be expected. 

The presence of distal retinulae in the ommatidia of Decapods seems 
to h&Te generally escaped attention. Patten and Carriere, however, 
describe these cells in Penaeus and Astacus, and the fact that they are 
carily recognized in the eyes of Homarus, Cambarus, and Eupagurus 
mdioes me to the belief that they form a constant element in the om- 
autidia of all Decapods. They have also been seen in the retina of 
Mum. In the eyes of this genus their nuclei occupy the position indi- 
cted by d in Grenadier's Figure *12. It is of interest to observe that 
fctr permanent position in Mysis is an early and transitory one in the 
W*ter. (Compare Grenacher, 79, Fig. 112 d, with Figs. 48 and 55 of 
tta paper.) In both the Decapods and Mysis the number of distal 
Rtinnlc is two. 



56 BULLETIN OF THE 

TJU Type$ of Ommatidia. 

With the conclusions arriTed at in the foregoing account a* a 
an ommatidium can be constructed which will senre m a type for the 
ommatidia of all Decapods. Omitting the accessory pigment-cells, this 
typical ommatidium would be composed of sixteen cells as follows: 
two cells in the corneal hypodermis, four cone-cells, two distal retinuhs, 
and eight proximal retinulo. In a similar way a typical ommatidiuai 
can be constructed for the Sohisopods. This type would differ from 
that proposed for the Decapods, in that its crystalline cone would fas 
formed of two, instead of four cells. 

The ommatidia of the Scbisopods and Decapods, as the development 
of the lobster shows, are closely related. The arrangement of the om- 
matidia by which hexagonal facets are produced is permanent in Myn* 
aud temporary in the lobster. The distal retinuln are grouped in the 
adult Mysis in a way which is reproduced only in the early stages of 
the lobster. In Mysis the outline of the nuclei in the corneal hypoder- 
mis, as seen in sections tangential to the retina, is strikingly c u ss c cd- 
tic. This form is temporarily assumed by the corresponding nuclei in 
the young lobster (Fig. 53). Thus it is evident that the ommatidia of 
tho lobster pass through a stage in which they closely resemble the 
permanent condition of tho ommatidia in Mysis. For this reason, I 
Micve that tho ommatidium of Mysis represents a typo ancestral to 
that of the blister. 

Tho only important diflerone© which exists between the ommatidium 
of Mysis and that of tho lobster in its early stages is that in the latter 
tho cono consists of four cells, while in Mysis it is composed uf only two. 
If one admits that tho ommatidium of Mysis it* the forerunner uf that 
of tho lotjNter, tliiH difference in the number of cone-cells can easily hf 
explained on tho supfioMtion that the cells which form the con* in 
IHh'ii|mkIn divided once inoro than those in Schizopods. If these tss 
ty|H»n of ornnmtidiu are thus rclutcd, it is only natural to expect that 
thi* process of cell-division may connect tho ommatidium of Mjts 
with thut of some lower Crustacean. 

The oinmntidiu in tho eyed of Ariiphi|)odit are constructed upon i 
tyjie which seems thtm connected with that of Mysis. In (Ssmmsna* 
for instance, I have found that the ommatidia possess an undiflVite- 
tinted o -rural hv|>odermiM. a crystalline rone of two Colin, and five rdis- 
iil:e. If one desires to convert thin type into that of Myitis, or thrt-o^b 
M\im into that of tho l>e<ii|HMlH, the necessary change merely involves 
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the division and differentiation of cells. The two coue-cells in the 
simpler type would remain unaffected in Mysis ; in the Decapod they 
would divide once, thus producing a cone of four cells. By division, 
the five retinulsB of the Amphipod would become the ten retinulse of 
the higher type. These ten ret inula are differentiated into two sets, 
eight proximal retinulse which surround the rhabdome, seven of them 
possessing nerve-fibres, and two distal retinulse which envelop the cone, 
but have no nervous connections. If the ten retinulse of the higher 
type were developed from the five retinulse of the lower type, it follows, 
since all of the five retinulse possessed nerve-fibres, that those of the 
ten retinulse which do not possess nerve-fibres must be considered as 
degenerate. The degeuerate cells of the higher type of omroatidium 
are consequently the eighth proximal ret inn la and the two distal retin- 
ulse. The structural condition of these three cells favors this view. 
The eighth proximal retinula is identifiable only through its nucleus. 
Each distal retinula, as I have previously described, possesses a proxi- 
mal fibre. This fibre passes through the basement membrane with the 
nerve-fibres of the proximal retinulse, but it is very much smaller than 
these fibres, and terminates without reaching the optic ganglion. This 
condition is easily interpreted as one of degeneracy. 

The process by which distal and proximal retinulse were probably differ- 
entiated from unmodified retinulsB is easily suggested. A characteristic 
distinction between the ommatidia of the higher and lower Crustacea, 
ta, for instance, between Gammarus and Homarus, is that in the former 
the cone and rhabdome are very close to each other, whereas in the 
latter the cone proper and rhabdome are separated by considerable 
space. Without attempting to assign physiological reasons, the state- 
ment may be made that it seems necessary that the sides of the cone 
thoold he sheathed with pigment In the ommatidia of Gammarus this 
it accomplished by the distal ends of the five retinulse ; these reach be- 
yond the rhabdome and envelop the cone. They thus form a funnel, in 
the large central cavity of which the cone rests, while the neck of the 
funnel is occupied by the rhabdome. Imagine now the division of 
these 6ve retinulse iuto ten, and the separation of the cone from the 
rhabdome. It is easy to understand how two of the ten retinulse may 
retain their connection with the cone, while the remaining eight adhere 
to the rhabdome. The two retinulse connected with the cone would lose 
their nervous function and become simple pigment-cells. The retinulse 
*hich remain attached to the rhabdome would continue as perceptive 
*Ui The separation of the rhabdome and cone not only offers an 
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explanation of the way in wbioh the distal and proximal rotinuto have 
arisen, but it alao accords well with the fact that the proximal retinuhs 
end distally in fine fibres which stretch toward the cone, and are ap- 
plied to the fibres of the distal retinuta. 

If what has been said of the growth of ommatidia be true, the course 
whieh the development of these structures takes in the case of the 
lobster must be somewhat different from that bj which they arose 
phylogenetically. In the lobster the division of the nuclei is entirely 
oompleted before the ommatidia are differentiated. Consequently, altar 
differentiation has occurred, no further cell-division ensues among the 
elements of an ommatidium. This fact, however, is by no means a 
serious objection to the view which I have expressed, for of the two 
processes, cell-division and the differentiation of ommatidia, it is only 
neoesaary to imagine that in successive generations the differentiation 
was retarded until a stage was reached in which all oeU-diviston was 
accomplished before the differentiation of ommatidia began. It is of 
interest to observe, however, that in the lobster the planes of division 
among the nuclei, which eventually enter into the formation of omma- 
tidia, correspond in direction to the plane in which the nuclei of the 
ommatidium in Gammarus would divide, should this ommatidium be 
converted into that of the lobster. Thus the plane of nuclear division 
which was so characteristic of the distal superficial part of each optic 
disk in the lobster may have a phylogenetio significance. 

In how for the ommatidia of all the Crustacea can be brought into 
relatiuu by a process of cell-division such as 1 havo outliucd, and what 
constitutes the simplest form of an ommatidium, are questions which 
require careful and extensivo comparative study, and which I am not 
able to discuss here. Suffice it to say, that lietwcen the ommatidia of 
tho higher and lower Crustacea there is reason to conclude that such s 
relation as 1 havo pointed out probably exists. 

Cambbidob, October 1, 1889. 
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EXPLANATION OP FIGURES. 



All the figures were drawn with the aid of an Abbe* camera. Unless otherwise 
stated, the figures are from specimens stained with Grenadier's alcoholic borax- 
carmine and mounted in benzol-balsam. Where sections have been depigmented 
the reagent employed was an aqueous solution of potassic hydrate ± % (see Par- 
ker, *87, p. 175). Figs. 1 to 88 refer to the histology of the adult lobster's eye. 
Figs. 87 to 69 inclusive deal with the development of the eye. 

PLATE L 

All figures on this plate illustrate the histology of the lobster's eye. 

Fig. 1. A longitudinal section of an ommatidium. This is a composite figure, its 
parts having been drawn to one scale from various sections, and after- 
wards combined. The distal retiuula on the right side of the cone 
contains its natural pigment; that on the left side has been depig- 
mented. The letter x indicates the position of the band which limits 
the corneal facet. The numbers to the right of the figure correspond 
to the numbers of the following figures of transverse sections, and 
mark the level at which the latter were taken. X 105. 

The remaining figures on this plate (Nos. 2-25) are transverse sections 
either of ommatidia or bundles of nerve fibres. In each case the sections were 
studied and drawn firom their distal faces. Figs. 2 to 20 are magnified 875 
diameters ; Figs. 21 to 25, 676 diameters. 

" 2. A corneal facet. This specimen was cleaned in a boiling solution of 
potassic hydrate and studied in water. 

44 Z. Four pairs of cells from the corneal hypodermis. Around the lower right- 
hand pair of cells the outlines of the six surrounding distal retinulse are 
indicated in part by dotted lines. 

M 4. Four groups of cone-cells. The ommatidia to which the cone-cells be- 
long are indicated by the letters a, 6, c, and d. These letters are used 
to indicate corresponding ommatidia in deeper sections. 
" 6 to 20 represent transverse sections through ommatidia in the various regions 

indicated as follows : — 
44 b. The middle region of four cones. Completely depigmented. 
" 6. The proximal ends of four cones. The re-entrant angle on the surface is 
indicated at x. Completely depigmented. 

7. Slightly below the proximal ends of the cones. 

8. Beyond the distal ends of the proximal retinulse. 
k The distal ends of the proximal retinulse. 

" 10. The thick distal portion of the proximal retinulse. 
M 11* The proximal retinulse immediately above the distal termination of the 
rhabdome. 
12- At the distal ends of the rhabdomes. Completely depigmented. 



*•. 



Fig. 18. 



•' 14. 

" 16. 

" Ifl. 

« 17. 

" 18. 

- 19. 

- 21. 



2* 



« 25. 
•' 24. 



The rhabdome between Its distal end and middle. In thin section the ac- 
cessory pigment-cells of each ommatidium are apparent)/ separated 
by an intervening space from those of neighboring ommatkUa, This 
space is probably the result of shrinkage and subsequent rupture. 

In the same plane as that shown in Fig. 18. Partially depigmented. 

The middle of tlie rhabdome. The distal retinuhs of ommatidium e have 
been numbered. Completely depigmented. 

The proximal end of the rhabdome. The accessory pigment-cells in this 
section hare probably been ruptured, as in Fig. 18. 

In the same plane as that shown In Fig. 16. Partially depigmented. 

The proximal tip of the rhabdome. Completely depigmented. 

The proximal retinula) close to the basement membrane. Partially de- 
pigmented. 

A diagram of Fig. 10. The proximal rctinulss of the different ommatidia 
have been numbered to correspond with those of ommatidium e ia 
Fig. 16. The retinuhs of ommatidium c are tinted pink. 

Transverse section of nerve-fibres as tliey pass through the basement 
membrane. The line y * shows the plane of section for Fig. 29 ; x 
indicates the cross-shaped thickening in the basement membrane. 
Completely depigmented and stained In Weigert's hsMnatoxylhv 
(See page 4.) x 676. 
23, 24, and 26 represent transverse sections of the fibres In the optic nerve. 
Weigert's hematoxylin, x 676. The planes at which these sections 
were taken are as follows : — 

Directly below the basement membrane. The fibres are In groups of 
threes and fours. 

At one fourth the distance from the basement membr an e to the optic 
ganglion. 

At half tho distance between tho membrane and ganglion. 

At tho surface of the ganglion. 



ABBKKVIATIONS. 



ox. n. Nervous axis of retinitis, mh. jh ph. IVriplieral membrane. 
my. I'rotopliisiiiic cap «»f rone- n.fltr. Ncrvc-flbre. 

<■/. run. Colic-cell, (evil. nl. tttn. 

nl, im. 

»/. tint. 

hi. pi'J. 



el. m» d. Mcsoderniic evil. 

run. ( 'one. 

crn. Corneal cuticula. 

cm. h <L Corneal hypodcrmis. nl. pr. 

r/ii. Cuticula. mum'. 

mr. Brain. ;»»;/. d*t. 

ft*'. FihrilUe. /»!»;. /»x. 

•in. .>pt. < iptic ganglion, r. 

A i/ II) |MHltriiun. tltb. 

'. ltiiMMii<-iit membrane, rtn'. */*/. 

' i rpt \nU'Trv\*Ut%ii tm-mhrniic. 

i ci. Intercellular membrane. 



«* 



•* 



*t 



H* 



Nucleus of cone-cell. 

corneal hvpodermie. 

distal retinula. 

accessory plgment-cvlL 

proximal retinula. 
Ommateum. 
Distal band of pigment. 
Proximal band of pigment. 
Hetina. 
IthaUlomc. 
I>i»tnl retinula. 
Proximal retinula. 



|.\ 



rtn'. pr. 

j/ni. i «7. Intercellular space of retina. 

The other abbreviations which occur on the plates are explained in the descrip- 
tion of the figures with which they are found. 
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P*aua — Losses? *>*> 



FLATS II. 
Fift. 38 to 8fi de^ with the Autofcyy of the lobster's eye ; Fige. 37 to 80, with to 

Fig. 28. Vertical section through that portion of the eye-stalk where the 

Uon from the undifferentiated hypoderniis to the ommaienm is 

piished. The open •pace x it due to shrinkage. X 81. 
" 27. A groap of tlie four cone-cells of an ommatidium and the attached 

neal hypodermis. Isolated and studied in Mutter's fluid, x 366. 
M 28. Proximal end of a group of four cone-cells where tliey aeparate as flbrei 

to pats around the rnabdome. Isolated and studied in MuiWr's flaat 

X386. 
M 20. Transverse section of the basement roembnne. The distal lace is opf»t» 

most; the proximal face below. The section is taken in a pisav 

which would be represented in Fig. 21 by the line t jf. x 675. 
* 80. A rhabdome and iu seven surrounding proximal retinitis). At the distal 

end the free tips of the seven retinuhe can be seen. At the proxisssl 

end the rnabdome and the four groups of retinuhe which pass throat* 

the basement membrane are visible. Isolated and studied in chroave 

acid A%- X 200. 
M 81. An individual proximal retinola. Isolated and studied in chromic acid 

A* X200. 
M 82. Transverse section of a rhabdome and Its surrounding cells. The plsst 

of section Is about lialf-way between the middle and distal end of tot 

rhabdome. Completely depigmented with potassic hydrate, x 4rio 
** 83. Oblique tection of a rhabdome from the same scries of sections at Ftp 2. 

Tlie upper end of the figure is distal ; the lower, proximal x V>» 
M 84. Transverse section of a rhabdome and its Hurrounding retinuhr. TU 

nervous axis of each retinitis in diatinctly stained. CooipU trl.r J**- 

pigmented ; stained with Klcinentarg's alumdurmatoxyhn. x 4'V' 
" 35. Ixjii|{itu«ltiial section of a bundle of ncrve-flhrv* extending through t> 

basement membrane toward the optic ganglion. Depigments!. 

Weigert's hematoxylin, x 675. 
" :t»». Optic nerve-fibre Iaolntcd and studied in Miiller's fluid, x .VTft. 
" :»?. Superficial view of a left optic lohe. Enough of the right lotie i* draws 

to indicate the potition of the median plane (x y). r is anterior. « •• 

posterior. Stage A (nee page 'J) X 280. 
" 3H. foster ior face of n aertion from a right optic disk cut transversely to !*» 

longitudinal nxi« nf the embryo (»«•«• page .14) At r ia an angle lorn*! 

by the growth of the retinal eclhi over tlie undifferentiated ectooVnn. 

Stage A. x 1'HO. 
" .10. A section from the optic di*k of an embryo in stage B. The plane <-' 

cutting correspond* to that in Kig. .'18. In this figure r indicate* m 

in the preceding one, the angle between tlie undifferentiated ectoderm 

and the growing retina, x 2£Q. 
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I'LATR III. 

All flgurei OD thi* platu illuatrate tile du-rlopmim of (lit lobetMa *y» 

j. 40. A auction ■■!.'. ii His Ml optic lob* an J left half of the 

gauglluii, II if plane of auction U Imigvuttal u> llml part of the rar- 
fac* of llitr l-gil on which the embryo irili. TIip position fat da 
uii-ttiaii plan* i» unhealed at ry, Tlw aurfai** timed 1*1(11 d.i-pw |na 
111 tlia Hu/tnu r«|ifWM'iit MMI contain lug nnclvl in III* iptvltneD j th« 
In lighter pmk, an/** in which no nuclei were pmunt. TJh- opt* i-u 
it divided into twu parta by a band nf large, faintly tolorwl mH 
which, Willi the anialler unrounding nuclei, ate ahown tn tlw fpn* 
To (In- right of i he nuclei 111* tiroail tinted marginal ar** nffnnM 
tlio retina, r. Tlw remainder nf th* nntli! lobe gl*« rlw In llv npUe 
ganglion. Stage C In.* pail* 2). X 3«. 

" 41. Poll, nur upeut of a irmuvanm aec-tlnn of a right optic Inba. Tl« plaaa 
at aecllon correspond) to I hat In ttg. SO; i il tin angle which i»* 
ratci tlio acparnlion of tlic retinal and ganglionic tw n»t It lie n la of lie 
Intercepting membrane. Stage (' X 280. 

" 44 Tbli Agure U taken from a rcgwu which mrretpnnd* tn tlw Ml hand pw 
MM of fig. 41. Although ftwa lb* tun* mi nf egg* ''■• atatej*) *™ 
which Fig. 42 wai drawn waa anRivwhat mora advanced than (kit 
from which Fig. 41 waa taken Al e llie proximal land nf retnji 
nuclei MB. be aeen ; •■ » the dlatal hand la ahnwn Stag* l'. x Ml 

" 43. Tin- ■ iiprrtlctal layer from the ill-lal bond of retinal nucbri ; •**<■ fnea 
the eitenial eurface of the retina- Stag* C. » 400. 

" 44. The deep layer of Die diaUl band of nuittii. The** ar* •e.-n in opti 
cal miUmi tomcwliat wilbiii the outer facu of the retina RhC 

k ««>. 

" 40. A bUI*tnt aeetlnii ft! an oplle Inbc Trrnn a laloirr at aiag* l> T» 

plane nf th>i< cnm-npond* to lM nf Pig, Si A* in Tig 4>V (>• 

ileeply linlrd area* were nucleated , (be lighter area* wee* •«■*■■ 
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PLATE IV. 

All figures on this plate, except Fig. 59, illustrate the development of the 

lobster's eye. 
Fig. 46. A transverse section of an optic lobe at stage £ (see page 2). The plane 
of section and the method of coloring the figure are the same as in 
Fig. 46. x 145. 

47. An enlarged drawing of that portion of the retina which is in brackets in 
Fig 46. Stage E. x 460. 

48. A view of the external surface of the retina. The distal ends of four 
ommatidia are seen. Stage E. x 460. 

" 40. A transverse section of four ommatidia in the region of the hyppdermal 
nuclei. (Compare Fig. 47.) Stage E. x 460. 

" 60. A transverse section of four ommatidia in the plane which the nuclei of 
the cone-cells occupy. Stage E. x 460. 

" 51. Longitudinal section of a single ommatidium. Stage F. x 460. 

" 52. Four corneal facets seen from the external surface. Stage F. x 460. 

44 58 to 58 represent transverse sections of four ommatidia at Stage F. The 
numbers on the left side of Fig. 51 indicate the heights at which these 
sections were taken, and correspond to the numbers of the following 
figures. In Figs. 53 to 68 the magnification is 460. 

44 63. A transverse section in the region of the corneal hypodermis. 

44 64. A transverse section through the region in which the nuclei of the cone- 
cells occur. 

44 56. A transverse section in the same plane as the nuclei of the distal 
retinultt. 

44 66. A transverse section of the proximal ends of two cones. 

44 57. A transverse section through the rhabdomes and proximal retinulae. 

41 68. A transverse section of a rhabdome from Fig. 57. Fig. 68 was drawn 
with a higher magnification than Fig. 57 in order to show the relation 
of the proximal retinulae to the segments of the rhabdome. x 640. 

44 59. A corneal facet from near the periphery of the retina in an adult lobster. 
The hexagonal outline is noteworthy. This specimen was cleaned in 
boiling potassic hydrate and examined in water, x 280. 
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No. 2. — On the Sate of Growth of Corals, By Alexander 

Agassiz. 

We know as yet comparatively little regarding the rate of growth of 
corals under different conditions. Dana has given, in his " Corals and 
Coral Islands," * a resumi of our knowledge on the subject, so that it 
is only necessary for me here to refer the reader to his account of the 
statements of Darwin, Stuchbury, Duchassaing, Verrill, and others, re- 
lating to this subject. 

The specimens figured in this communication have been kindly sent 
me by Lieut. J. F. Moser, commanding the U. S. Coast and Geodetic 
Survey steamer "Bache." They were all taken (as stated by Mr. 
Hellings, the cable manager) off the cable laid between Havana and 
Key West, in June, 1888, from a portion of the cable repaired in the 
summer of 1881 ; so that the growth is about seven years. Lieutenant 
Moser writes : " Taken from the shore end of the International Cable ; 
the specimens were taken between the triangular buoys and the outer 
reef, the shore end being that portion between Key West and the outer 
reef." The Coast Survey maps indicate a depth of from six to seven 
fathoms, and this portion of the cable is most favorably situated as re- 
gards food 8ii p ply, being directly in the track of the main flow of the 
tide as it sweeps in and out from the outer reef into Key West Harbor, 
and over the flats to the northward. 

Some of the specimens belong to different species from those of which 
the rate of growth was already known. 

Orbicdla annularis (Plates I. and II.) shows a much greater increase 
in the thickness of coral formed than the case mentioned by Verrill, 
where the thickness formed in sixty-four years was not more than 
about eight inches. The specimens sent by Lieutenant Moser grew 
to a thickness of two and a half inches in about seven years. 

• Coral and Coral Islands, by James D. Dana. Third edition. New York, 
189a (Pp 123, 253, 418 ) 

VOL XX. — HO. 2. 
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Th« JKaniaiw arrolata (Plate III.) shown also a wry rapid ralr 
increase. This corresponds to the rate of growth of allitrd g> 
(.Vii-nmlriHti Inbyrimliicn) olwrvcd by 1'ourtalcn at Fuft Jrfl« 
Tortngfts. 

The /'ofhi/llui dipnacM (Pluto IV.) shows a still morn ra|.id mm 

Of coume, we oris tillable to state that theee corals l>egiii to gnu 
fimt neiiwiti tlm cablo was luid ; but, judging fri'iu the fa 1 
in which the corals were found, it is not probable that more than 
months numed before sumo of the swarms of pelagic coral epibryoa 
must have floated past the cable found a place of attachment. 

The specimens have all been figured of the natural aiie. 

The figures all show, with tha exception of those 0/ 
aire of the cable to which tin- corals were attached. 



1'tanuniis, Aiij-ii.i. mnu 
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EXPLANATION OF THE PLATES. 



PLATE I. 



OrbtcrUa annularis Dana (natural size). 

The thickness of the coral at the edge of the mass varies from f to f of an inch. 
The greatest height of the mass above the cable is 2} inches. 

PLATE II. 

(kbutlla annularis Dana (natural size). 

The thickness of this specimen is very much less than that of Plate L It varies 
st the edge of the mass from J to J of an inch. The greatest height above 
the cable is 2J inches. 

PLATE III. 

Maueina areotata, Ehrenb. 

1 Seen in profile. The thickness above the cable is one inch. 
2- Sine, seen from above. 
Both figures natural siie. 

PLATE IV. 

fapAjOta diptaeea Ag. (natural size). 
Tl* greatest thickness is 2} inches 
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No. 3. — Preliminary Account of the Fossil Mammals from the 
White River and Loup Fork Formations, contained in the Museum 
of Comparative Zoology. Part II. The Carnivora and Artiodac- 
tyla by W. B. Scott. The Perissodactyla by Hen by Fairfield 
Osborn. 

This paper, the second upon the Fossil Mammals of the Museum of 
Comparative Zoology, is a continuation of the one published by the 
writers 1 in August, 1887, upon the White River Mammalia, and in. 
eludes a number of additions to and corrections of the results there 
described. It is, however, especially devoted to a consideration of the 
up[>er Miocene or Loup Fork mammals collected in Nebraska by Messrs. 
Garman and Clifford, and in Kansas by Mr. Sternberg. The specimens 
from these different localities exhibit a considerable range of specific 
variation. 

The Lonp Fork species here described have for the most part been 
long established, but these collections add much to our knowledge, and 
enable us to determine very fully the structure of forms which have 
been known hitherto only from fragments. Of such new observations 
we may mention: (1) the determination of the foot structure of Meryco- 
ehotrus ; (2) of Blastomtryx ; (3) the restoration of Cosoryx ; (4) discovery 
of the mandible of JZlurodon hycenoides; (5) the discovery of an exceed- 
ingly large feline animal ; (6) observations upon the molars of the equine 
series; (7) the manus and pes of A ceratherium ; (8) the skeletal char- 
acters and restoration of Aphdops fossiger ; (9) the homologies of the 
elements of the molar teeth in the rhinoceroses; (10) the brain char- 
acters of Aphefop* and Mesohtppus; (11) the discovery of a Loup Fork 
species of Chalicotherium. 

We have again to express our thanks to Dr. F. C. Hill, Curator of 
the Geological Museum at Princeton, for his skilful excavation and 
mending of the specimens, and to Mr. R. Weber for the very accurate 
series of drawings which accompany this paper. 

Geological Muuum, Princstoh, N. J., July 8. 1890. 

1 The authors, at initiated in their Memoir upon the Uinta Mammalia, have 
divided the subjects for their present and future joint papers. 
vol. xx.— no. 3. 6 
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BULLETIN OF THE 



CARNZVORA. 

CANIDJE. 

J3LURODON, Leidt. 

(Syn. Epic yon, Leidy. Canit, Leidj, In part. Palhyrna, Schlatter ) 

The dogs of this genu* are the mast abundant of the Loup Fork CcimiWt, and. 
as their relations and systematic position have been very generally mi*uini- r- 
Ntood, it will I >e well to descril* them in some detail. The special j»-< ulunt\ 
of the geniiH is to be found in the development of a large anterior lm-al l.-U- ■ :i 
the HujK-rior sectorial, as in the cats. The j>o*tero- internal cmu» (im tar'»ii: ':) 
of the lower sectorial is much reduced, ami in tome sjiecies almost dt^ij.j-t-ar* 
The talon of this tooth is nither short, and consists of an internal and •\t»n..ii 
cone or tul>ercle, being of the Win-like character. Tlie premolar* an- rvm «rk- 
ably heavy, and ]>o8sess well developed basal conule*. There an* f-ur ««;! 
marke<l sjH.*cies of this genus, of which the l>cat known it 

JElurodon ssevus, Leidt (Cofe). 

(Syn. Cum* «rru*, Ia'uIv. *EluM><1on ftror % Leidy. AZlurodon ftrrwt. Cope I 

This .*iH*eies is characterized bv the verv small tize of the int«-ni;il «••••. 

the upper sectorial, and by il-.- r- ■:. 
straight and slender maridiblt- : •». 
cJMors are rather sniail, and th> r :•: 
upjMT molar is very largi* ami • ■. :• 
angular in shape. The *ku!l .* ?:. 

II red bv Copt- ( Atih-i It .!•; \" ■ : 

XVII) j»n--riits .1 n'i.r -•••■■ 
row in,i//l«', uimI i- in «■• t.- • . 
bi'ardikf in appf.n m« ■• . N ■ ■» ■ 
Mantling its pi-t ub.uitii - ■■? ■.■■•• 
thi* animal i- an iuiii.:-'.^- 
and tin* stniiiuii- "t 1 1 1 - - -»> 
tehni\ liml'" 4 , and l« •■! i- ■ i - 

i :. -.II 1 . -w -i 1. Th«' ni«t t ] •• »1 1 .(1 - are, liowcwr, ?»«'iin-\\hit U--* • 

]■! ;■ ■}'.■•■. 11\ tliin in • x i ■ 1 1 f i _* il"-.'-. 




r 

I hi l:t 1 



/n in 



f ■'#■•■ /■ ri *rn,i, ft.-i^rnrllt i<f 
. |" • ;i-r in:i\.l'.ir\ - 



^lurodon Haydoni, Li-u»t 

fS\n t'-'tu* lfnj,l.'i>, I.i-iily. F.firytm Iftiyl'ui, Ijfiilr ) 

'I ■ : •■■ ■ i« \- i\ ! =! ••-. i'i 1 i- ii-niaik.ibli* f«-r th»* -li'»rt. tn .- :\ ■ r ■ 
■. 1 •■.' 1 1 ■• .' » i-w i r ■ i - 'ir\ i*-'r i.f t In* •►•■»t»*ri.»r |»« »rt i« *ti -t I* i ..!■•« 
l|. i" •' • ;!■■ ! tii?>* f> *i! i! I : -. ■ ■ 1 i - - til i\ a!tii>i*t hf-.ild t-«l-- iv-'-rV-i ;'. ' 
.i ■ ■ • : t. ' i -in':- In I M \.' id\ - 1 \\h' «•!' tin* >]>••« i«'«« (K\t. M mi. I'aui: i. 1 *;» 
.ii. 1 Ni !■.. I'i.iN- I li/ l n ) tin* tliii«l lnwer umlar i* in-iitrd by t\\n fan/-, r ■ :• 
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the Cambridge specimen by only one; but this does not appear to be a constant 
character. The posterointernal cusp (metaconid) of the lower sectorial is 
reduced to a rudiment, and the talon is much shortened antero-posteriorly. 
Pm. 1 and 2 are relatively quite small, while pirn. 3 and 4 are quite high and 
massive. 

^Blurodon Wheelerianus, Cope. 

(Syn. Cants Wheelerianus, Cope. jfZlurodon Wheelerianus, Cope.) 

This species is nearly as large as the preceding one, but differs from it (1) in 
the much less strongly curved alveolar region, and (2) in the very large size of 
the external upper incisor, which at the base is nearly as large as the canine. 
The species is represented in the collection by the facial region of a very old in- 
dividual, the teeth of which are worn down to mere stumps. The face appears 
to be proportionately longer than in AS. scevus, the orbit lying somewhat farther 
back ; it is also very deep, and encloses an unusually large nasal chamber. 



JBlurodon hyeenoides, Cops. 




Fracas 3. — Mandibles of jElurodtm X |. A. jE. hyeenoides; B. A2. Haydeni; 

C jE* StBVW. 

This, the smallest species of the genus, has been described by Cope from the 
superior dentition : M The second and third premolars are robust and somewhat 
swollen at the inner base. Each has a short heel, but no median posterior lobe. 
The principal lobe is robust, in the third [pre]molar as wide as long at the base. 
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The internal anterior lobe of the superior incisor [sartorial] ia very large, and 
its apex is distinct from the inner side of the rest of the tooth. It is relative!/ 
larger than in Crocuta brunnea. . . . The first true molar is aomewhat wider 
near the inner extremity of the crown than at the external extremity." (Bul- 
letin U. & Geological and Geographical Survey of the Territories, VoL VI. 
p. 388.) 

The Cambridge collection contains a mandible which should almost certainly 
be referred to this species. It is proportionately short, stoat, and of nearly 
uniform depth, not tapering anteriorly aa in JB. sawn*; the symphysis is very 
obliquely placed and the chin abruptly rounded, giving the jaw a aomewhat 
cat-like appearance. The first and second premolars are small, and the latter 
is implanted by a fang which is but imperfectly divided into two; the third 
and fourth premolars are low but strong, and diner from the corresponding 
teeth of the other species in the pre se n ce of a small interior basal cusp. The 
sectorial is large, and has a well developed metaoonid ; the talon ia obliquely 
worn upon its outer side, showing a different mode of opposition of the teeth 
from that which obtains in JR. sinus. The incisors are very closely crowded 
together, and the median one is pushed very far back oat of the line of the 
other two. 

MKASURBMim. 

Length, inferior molar series .032 Blade of sectorial (ant post.) .013 

" u premolar series .031 Talon u •* jUOI 

« sectorial (in. 1) .019 

? -rfiElurodon ursinus. Con. 

(Syn. Canit urn'nus. Cope.) 

Some larjje ft]H'riiuens a^ree K*st with the fii/urea and description* of •}.* 
Cani* urmiius, hut thev are mo damaged um to render tinv final reference »»f :!.• *u 
impo^iMe. Indeed, it in by no iucunh clear that the species here nanie-1 ^ 
be regarded a* di*tim*t. 

Tin* Kv*tein:itie position of JEluroihm haa been somewhat disputed. \*\\\ 
pined it provisionally anions the Ftlidtt (»p, ol., pp. 08 nnd 3fi7) «'. ;r 
tli« 'iiu'li referring it to the finu'i/ir, )m< regarded it an the forerunner %>f t\- 
h\;t»na<* " I tievertht'li""* HiiHjMM-t that thin p'nun in the ancestor of the // <r- 
«*'/"-, through the intermediate form* Irtithsrium and Hprnictis." (Am«i: .»n 
N.itnr.di»t f Vol XVII. p. :'tl) PnifeHMir Cnjie ha*, however, inf"nu»i u» 
th it he iI(m*m not attach mneh importance to thin view. Schlower ha* md* \ tnl 
tlif -.itni' opinion, hut Udievei that Ai. nrrns should 1m» penejically wparatnl 
fn«iii the other 8|>erieH. ** Der Cams jwrrtM, I^eidy, winl von Cope mr (J Attune 
A'Aunmim p*HteIlt, widen* onVhlmr oh ne hinreichenden (inuid, denn *nwohl dr? 
S hadi-lli.ui, aU aut'h die lie-ehatrenheit der einzelnen Zahne, nanimtlich drf 
oUren l'r 1 Hpreeheii Hihr fur die Zu^ehorigkeit zu den echten Can idea, »ah- 
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rend die beiden iibrigen sElurodan-Arten sich hochst wahrscheinlich als Vor- 
laufer der Hyaneu erweisen werden." (Beitr. z. Palaont. Oesterr. Ungarns, 
Ed. VIII. p. 252.) 

In these statements Schlosser has t>een misled by the fact that the specimen 
of AZlurodon $ccvu$ which was figured by Cope is very old, and the teeth so 
much worn down that the anterior lobe of the upper sectorial is hardly distin- 
guishable. The specimens before us demonstrate clearly that Cope's reference 
of the species is correct, and that JE, IVheeUriantu and hycenoides cannot be 
genericully distinguished from it. The only characters of JElurodon which in 
any way resemble those of the hyaenas are (1) the massive premolars, (2) the 
presence of an anterior basal cusp on the upper sectorial, and (3) the reduction 
(in some species) of the postero-internal cusp of the lower sectorial. These 
resemblances are obviously merely analogical, and are of far less importance 
than the characters of the skull and limbs, which are distinctively cynoid. 
These animals are genuiue dogs, if somewhat peculiarly modified, and to regard 
them as ancestors of the hyaenas is to ignore the close connection between the 
latter and the viverrines, besides being improbable on geographical grounds. 



?Canis vafer, Leidt. 

This small alopecoid is represented in the collection by a mandible with 
broken teeth and some other fragments. It agrees almost exactly with Leidy's 
tyj»e (op. cit., Plate I. fig. 11), except that the diastema between the canine and 
pui. 1 is shorter. The small size of the sectorial places the species in the mi- 
crudout division of the alopecoid series. M. 2 is very elongate an tero- posteriorly, 
and m. 3 is implanted by two fangs. The mandible is very slender, much 




Figukk 3. — ? Cants vafer X J. A. First superior molar; B. Mandible. 

curved, and non-lobate. The first upper molar is nearly quadrate in shape, the 
metaconule being almost as large as the protocone, and placed upon nearly the 
same antero-posterior line. The cinguliun is internally very greatly enlarged 
and thickened, and is disposed symmetrically around the inner side of the 
crown, instead of being confined to the postero-internal angle, as is usual 
among the recent Canute*. 
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Tim lne»1 nf Urn iiillm li Iimi liiimeiwij fdad ■! ■ 
is recent dog*, apparently inriinaUng the Mention, la mom degree of the poew 
of ennfaation. 



? Palis fflmJBIL ip. nor. 

TbU ipoeiM ii founded upon a well prewrvod humerae from tW Loop Fork 

of Kuau. The chief peculiarity of the tpedmn fa tte gnat ibe, which eery 

much exceed* that «f any Imag 

Minn. Ib eoMCracdaai b chadj 

reeamUte the fannerae of tk 

lion, with mbm minor di&renea. 

| Tbew 





bat mgoMi the deltoid ridge » 



■haft; the outer condyle foe ike 

eapiteUom of the radio* i§ lona 

decidedly oonvex; the inlemmJ 

epioondjrle fa very preeninoal one* 

tnaaaivs, and fa anrtaonnted by aa 

large epieondylar frminir TVe> 

nreaanoi of thfa epfeoodylar fcee- 

jjiuii iliown that the aper intra hr- 

fure ill cannut be refrnwi t>' 

Smilodmt, for the homenu of .« 

necator %uml by Cope (Amn- 

can Natunliat, Vol XIV p. -OTI 

i bm no Mich furaiucn. TV «:■ 

' pinalof ridge Utoniewboll-r tri, 

but it ap]«ara to have Urn i-f- 

purtiiiiwU'ly leae r»l>u>t Uua 1= 

ihu lion. The folUmn^ ull< 

will exhibit tilt ureal liar •■( tb:t 

ut-n. The meuauKmentj of the bunieriii of Smitadon ere taken (r r. 

M«*BfBEMENT», 
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" eutero-puatrriuri 
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Another cut, perhaps a smaller individual of the same species, is represented 
by a phalanx of the median row, which is of the characteristically asymmetrical 
shape, ho as to allow the retraction of the claws. It agrees best in shape with 
the median phalanx of the fourth posterior digit of the lion, but is much larger, 
measuring 37 mm. in length, and the proximal end is 20 mm. wide ; in the 
lion these dimensions are 27 and 14 mm. 

A third very large feline is indicated by the prnximal end of a radius from 
the Loup Fork of Nebraska: it agrees closely in shape and sue with that ol 
the limu 



Slill another cat is represented by the third and fourth 
metatarsal! from the same horizon and locality. The 
mode of interlocking, the shape and character of the prox- 
imal articular surfaces, are very cat-like, but the bones are 
abort and massive, showing strikingly different propor- 
tions from those to be observed in the recent forms. 



Measurements. 



Metatarsal III., length 119 .089 

" " width proximal end . .021 Mii 

" IV., length 115 .093 

« « width proximal end . .015 .018 

These specimen* show that tbe number of cats occur- 
ring in the Loup Pork formation is much more consider- 
able than has hitherto been supposed. Unfortunately, 
however, these remains are not associated with teeth, so 
that they cannot be referred to their proper genera and 
•peciea. Fiouri •.— ThM 

of unknown feline Xj. 

? Pueudalurua intrapidus, Lainr. 
This species is doubtfully indicated by a humerus, lacking the proximal end, 
which ia distinctly feline in character, but remarkable for the very weak de- 
velopment of the supinator ridge. 




KQ8TELIDA 

Carnivore of this family are not certainly known to occur in any American 
formation older than the Loup Fork, and they are very rare even in that forma- 
tion. The mustelines are represented in the collection by only a fragment of a 
lower jaw supporting pm. 4. In tbe absence of the molars, it is impossible to 
determine to what genus this specimen should be referred ; but it would appear 
to agree best with the Miutcla patviloba of Cope. 



72 BULLnnr or the 



obbodonhdjb. 

MBRTCHTUB, Ludi. 
Meryohyus rtagansj, Lnwr. 

The genus Merychyus is abundant in the Loop Fork, but has been know* 
hitherto chiefly from the dentition. The Qarman collection 
portions of the skeleton, which are therefore of gnat interest, 
mens show that the genus has departed but little from the type of the 
ily, Onodony but present, nevertheless, some Important approumattooa to tha 
ruminants. 

The ulna and radius show no tendency to coalesce, and tha former has tha 
abaft considerably more reduced than in Onodtm. The radius differs in many 
ways from the ordinary oreodont type ; the groove for tha intertrochlear riiji 
of the humerus is narrower, the inner flange of tha head smaller and less ob- 
lique, the outer larger and more concave, and tha upward projection from tat 
anterior edge much better developed, almost aa in a true ruminant. The shaft 
is broader and more flattened, the walls much thinner, and the medullary c*v» 
ity larger. The distal end is less expanded and thickened, and the tendiatl 
sulcus barely indicuted. The facets for the scaphoid and lunar are very dis- 
tinctly se|»arated ; the former U shaped much aa in Orsoefe*, but more dcrpfjr 
incised and more obliquely placed; between the two is a very deep notch, 
which ]>eiietrutes from the fiosterior side through nearly half the thickness si 
the radiu*. Thin notch in i ml tutted in Ore<>dun % but is not nearly ho drrp. Tbi 
only bone of the inauufl which in preserved in the murium, tin* thai** of which, 
however, showi* that it has moved entirely beneath the scaphoid, and ii.it » 
deeply concave facet ii|n>h it* ulnar side which embrace* the hide «»f the lutul 
almost in a semicircle. No facet for the second inetacarjml in to \* *#vii uj*« 
the radial *ide of the magnum, whence it follows that the third niet;n arpai «i* 
in contact witli the trapezoid, and that an adaptive reduction of the tnmiu* L*l 
couuui'ticfd, which, except in M*Tifcoch(tnu % in unknown in other orvi«luuU. 

Of the tihia only the distal end in preserved, and thin portion differ* but littlr 
from that of t>rn*l>tn; the n>tra#ilar facets are somewhat more deeply lT^'Ti^ 
and <>f more mutual size, ami the fibular surface is deeper, a* if the di«ul rU 
nf th<* tiltuli li.id commenced to wed^e itself U'tweeti the tibia and the < i!'> 
mum. Tie- p«« i-> higher and more Hleiider than in f)riW«»ii, but -h<-u» Urn 
iiiipMit.iut ch-m^i'-. Tlie middle ami external cuneiform* ure united, \ .it tbf 
limit* of th*' two idi'iurM* an- plainly shown by the step cut in the di»tal •r.r* 
fa- 1*. Metatarsal II occupied the whole of the distal Mirf.uv of the iiie*-»-iirn- 
follil. and abut* a/ain-t the «ide of the ectocliueiforill, while metatarsal III I* 
rotitihi-d to the latter alone .\/>ry htjitit thu« present* the curious condition U 
on adaptivcly reduced man us and an iuaduptively reduced |»cs. The nictalar* 
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tab are relatively very long and slender, more so than in any other member of 
the entire family, though far from reaching the elongation seen in the true 
ruminants ; the lateral digits are especially slender, though proportionately as 
long ad in Oreodon. The phalanges are likewise long and slender, but the un- 
guals are still plainly of the true oreodont pattern. 

Another specimen of this species is the skull of a very young animal with 
the milk dentition, which shows some interesting differences from that of Oreo- 
(Ln. In the latter genus, as in the Tragulina and the older selenodouts gener- 
ally, the third upper milk molar, d. 3 r is of a triangular shape, having only the 
posterior crescents developed, with the anterior portion elongated and tren- 
chant, while Merychyut agrees with the true ruminants in the fact that this 
tooth is like a permanent molar, consisting of four crescents. 

Of all known oreodonts Merychyus is perhaps the one which most closely ap- 
proximates the true ruminant type. This is apparent in the elongated and 
more or less prismatic crowns of the true molars, in the increased size and com- 
plexity of pm^2, in the character of the milk dentition, in the structure of the 
long bones of the skeleton with their large medullary cavities and thin walls, 
at well as in the adaptive method of reduction assumed by the manus. 



Merycochoerus cenopus, Soon. 

The type of this species is the specimen consisting of a beautifully preserved 
nauns and pes contained in the Garman collection from the Loup Fork of 
Nebraska, which unfortunately are not associated with teeth. It is therefore 
possible that they may belong to some already described species, though they 
do not agree well in size with any of them. 

The foot structure of this genus has been briefly noticed by Cope, who states 
that the feet are tetradactyle, and that " the os magnum is entirely beneath the 
icaphoid, and there is a distinct trapezium. The posterior foot is constituted as 
toEucrotaphut." (Proc. Am. Ass. Adv. Sci., 1884, p. 484.) The manus in Mcry- 
toAemu agrees much more closely with that of Merychyus than with that of any 
other genus of the family. The carpus is higher in proportion to its breadth 
than in Oreodon, and very much higher as compared with the height of the meta- 
carpus, thus giving the manus very different proportions in the two genera. 
When the individual carpal bones are compared, we find many differences of de- 
tail. The scaphoid has lost its cuboidal shape and become higher, narrower, and 
deeper (antero-posteriorly) ; the proximal surface has a convex anterior ridge 
»bieh i* very oblique, rising to a high point on the ulnar, and dying away on 
the radial side. The distal surface is anteriorly much narrower than in Oreo- 
sm, broadening however behind; the magnum facet is much larger, and the 
trapezoidal smaller and more lateral. The trapezium appears not to have been 
in contact with the scaphoid. The lunar is very peculiar, especially in the great 
downward prolongation of the beak-like process, which is wedged in between 
the unciform and magnum, and almost reaches the metacarpals. The proximal 
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tarftoe hat not the limply eon vex shape ten In (fesajaa, bat liece fcfteja 
the uliisxude^s^ is much depressed on the ladiaL TIk distal ssjrmca boose, 
pied by the loug concave and obliquely placed facet far the ueUorm, thai fa 
the magnum being altogether lateral. Thia b the cubnination of a teadaacr 
already noticeable iu Protonodon of the Uinta formation, the earliest kaoai 
member of the family, and more marked in Or s o s f oa, namely y the mimiaial sf 
the magnain away from the lunar and under the acaphoid. In sYsryosoWrai 
(and Alerychyus) the lunar does not reat upon the magnum at all. teaching ft 
only laterally. The cuneiform k much like that of Orsosbek The pssiisns 
ia very different from that teen in the earlier genera of the family, and shorn a 
tendency to assume the form characteristic of the piga, though relatively mack 
larger than iu those animals. Compared with that of Ormitm, It is abets* 
heavier, and especially much more expanded at the free end. No trapeaaa 
ia preserved in connection with this specimen, and aa no faoata far it an dssrir 
distinguishable ou the other carpels, it may not have been developed. Hi 
trapezoid is very different from that of OreooM, in being vary much higher, as> 
rower, and deeper; the facet for the acaphoid k oblique and afanost aa auck 
posterior aa superior; behind, the bone ia drawn oat into a projecting pros*, 
not abruptly truncated by the facet for the timpexium, aa it ia in fine. The af> 
nificant characters of the trapezoid are shown by the distal stuisce, which a 
constituted aa in the piga, having a Urge facet for me. 1L and a email oatfcr 
mc III.; in the pig the two facets are of nearly the same aba. The sssgssa 
ia very peculiar; aa Cope haa shown, it lies entirely beneath the acaphoid ssi 
internal to the lunar ; its proximal surface ia o ccup ie d by a large, slightly ea> 
vex facet for the scaphoid, very different in shape from the same facet in &*> 
aba, as it lacks the abruptly rounded posterior rising ; the ulnar aide is cist 
mom deeply concave than in Merychyiu^ encircling the convex lunar. TW 
unciform differa hut little from that of Oreodun, except that the pro|*»rn«»w <4 
the proximal facets have changed, that for the lunar being cuiiftidcrabW tei 
lar^T. 

The metacarpal* are relatively much shorter and broader than in '*r«o4*» 
the lateral di^it* ure Momewhat reduced, though not very much, while thrnt- 
dian one* have greatly increased in thick new. In projtortion* the turUfjrfofl 
i* iprite like that of Nhj, though ua in all the oreodoiiU the ketdi* of thr duttl 
tr«H hh-;r are routined to the palmar surface. Mc. II. is short, Mont, and ojo> 
pre»«ed ; it artii'ulrttfH by a narrow surface with the trapezoid, lait i» ei.l*W 
from the magnum. Mr. III. i* very nuilline in appearance, but its prt'iusil 
end in not much extended trannverselv ; on each Hide of the magnum Mir?*** 
a facet for the tmjM'/ui.l and unciform, the latter considerably the larger, ahik 
in the pi^ they are of iieaily equal nize. Mc. IV. is of about the same l»rWU 
and thickiir** n* im-. Ill ; it* proximal end ia transverwe, an in the pi£t>* 
ohlnjiii', UK in (>rti»i>m. Mc. V. in not preserved iu the »|>eciniei), but thr hwtt 
for it mi the uncifnriii shows that its head was flatter than in Urtodtm, and thai 
it did tii»t riw so much ii|hiii the extenial side of the unrifotm. 

The phalanges resemble those of Ortodon % except for their greater stoutMStj 
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and, as compared with the metacarpus, their greater length, for the three pha- 
langes of the fourth digit are together as loug as the metacarpal. The unguals 
are of the same general shape in the two genera, but broader, more depressed, 
and with the ends leas pointed in Merycochcerus. 

The pes in the species of Merycochcerus from the John Day and Deep River 
bed* differs less from that of Oreodon than does the manus, but the species be- 
fore us apjKiura to show an important departure from that type. The astragalus 
4 shorter, broader, and more massive than in Oreodon, and the distal trochlea 
)aa a broader surface for the cuboid. The calcaneum is not preserved. The 
:nboi«l is low and broad; the surface for the astragalus is broader than that for 
the calcaneum, reversing the proportions seen in Oreodon; the calcaneal surface 
is also of a different shape, as it does not project outwards, and its external mar- 
gin is straight, not rounded ; unlike the pigs, this facet is not notched on its 
outer margin. The astragalar surface is not so deeply concave as in the White 
River genera, and another difference lies in the presence of a broad shallow 
groove which separates the articular surface into anterior and posterior portions. 
The peroneal sulcus is shallow. The distal end is almost entirely taken up by 
the large facet for mt. IV., that for mt. V. being very small and more lateral 
than distal; in Oreodon it is entirely distal. The navicular does not differ 
sufficiently from that of the earlier genera to require description. The ento- 
euneiform is relatively large, and in general resembles that of Oreodon, but has 
t larger bearing upon mt II. The ento- and meso-cunei forms are missing, but 
they were doubtless ankylosed together as in all the other members of the 
fcmilv. 

As a whole, the tarsus has changed in an opposite sense to the changes in 
the carpus, having become lower and broader, while the carpus has become 
urmwer and remarkably high. 

The metatarsus is suilline in general appearance ; the median digits are short 
lad massive, while the laterals are reduced, especially in length, being not only 
proportionally but absolutely shorter than in Oreodon Culbertsoni. Mt. II. has 
a exceedingly small surface for the mesocuneiform, but the head is not oblique 
Min Sus. Mt. III. has a minute facet upon the tibial side of the head, which 
tppears to encroach upon the mesocuneiform; and if this is the case, we have 
here the beginnings of an adaptive reduction of the pes, which is not known to 
occur in any other member of the family. Except for its heavier propor- 
tions, mt. IV. is like that of Oreodon; mt. V. has a smaller, more concave and 
obliquely placed facet for the cuboid than in the latter genus. 

Mfrycoehaerui and Merychyus thus agree with each other, and differ from 
other oreodonts in which the foot structure is known in the adaptive reduction 
of the manus, and it is interesting to note that this adaptive method has been 
independently assumed in several distinct lines of artiodactyles, e. g. the true 
ruminants, the pigs, and the camels. A study of the oreodonts shows that they 
ire not closely connected with any existing artiodactyles, and it is difficult to 
tee how the same result could be so often reached independently, unless it be 
die effect of the similar mechanical conditions to which the extremities are 
subjected. 
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Measurements. 

Carpus, height 030 

breadth 044 

Lunar, height 025 

4 * hivodth proximal end .... .014 
Mctacaqml II., length 049 

44 " breadth proximal eud . . .008 

44 111., length 0G4 

44 " breadth proximal end . . .019 

44 IV., length .057 

PhalaugeR of IV. digit, length 057 m. 

AHtniguhiH, height 039 <»:!7 

breadth 023 .014 

Metatantal II., length 050 .050 

44 III. " OCa .lW7 

44 u breadth proximal end . . 016 .«»9 

44 IV., length 006 

44 V., M 051 

SUID-ffi. 

DICOTTLB8. 

Several HjiecieM of jKjecarica have Ufii df*cril»ed from the Loup Fork bol«. 

Tin* Clifford collection contain* t\\.- jaw 

"%/T , T| ^ r^jf \ jlf fr.i^iin'iil*, apjuivnth t«f ililf" r» -;■■ 

^WiJk Mir * A 1 fjt '.j^M^ (>,ir °f thi-i- dilfn* (i-'iu • \i-*.:ii, -i»- . 

in tin* fart that the l.iM ]>>\mi i :< .. .: 
i- of in iii h siiu|-l. r I'nii-li i.i !i ;i :. .: '. 

Flu i:i •'. I r:i.-iii.-iit «f m.in.IiU.' »f i„..Ia!-. and Ii|..|r l.i-rfr. t -!■• ■ .In- :.- w 
■ ■ i • 

• ' " ' • f x •' i iii i i i 

jmoImI'In -liiiw tltat tin* !•!■!• • :.!* . ■..— 

til: ' .'•'.•[ il* It U-'lM 1)4' plrlliatlll*' t*i p|«»p«i-»r a Il.lIlK- f«'I It Hi U.r .*l- 1. i 

of III !•' • • 1 1 1 J 1 - " t • - lll.lt* II il. 

GELOCID.E. 
BLASTOMERYX. Con:. 

•|'i .•.•.«;> -f true ruminant- i- abundantly n pit -■*■■- 1 ■ t « -d in tli«- « ■■■!!■ * • 

•J'l, -\.. |.. .. /•'. f/*nirfii't r. Ch|n'. i-» ll.-lit til-- I..»up F-'lk, and d.lb : • *• 

l).. ' \ .':i. I /'....f./r .In. ll\ in tin- l-l i. l;\".l'l.t •li-iitlt i> >n . If* J ' r 
,\, • ■ | !• -.-. t r - >iii tli.- ,I..]in 1 >.iv fi.fiiMti.'ti lift imj'i ■ •*» i>d\ 1«1 !..• t / . 

/, .- •• .., \\},\. \l /."l-' ■■»!• .'• |« ill-! lllJUI-llfl l'\ tin 1 l1"« II- ■ f tl' .? 

• ■ ■ • ; | .!i tli« 1"M« I Hi 1 »!-, ah'l thi- ^ivuh'i liair.tw In-".* .Ui I « ■ Uij r« - - - 
..f • lis- ' • I ■I"*!.' 
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The Skull. 

A little of the superior wall of the cranium is preserved in one of the speci- 
men^ which probably belonged to a young animal, as the horn is a mere rudi- 
ment. The frontals are extended back of the orbits and form a considerable 
part of the cranium, but they are shorter than in Cariucus. Distinct though 
n«it prominent ridges converge from the back of the orbits, and probably unite 
U-hind in a sagittal crest, though as this part of the cranium is broken away 
th*» existence of a sagittal crest cannot be certainly affirmed. If present at all, 
it must have been a mere indication. The orbits are large, and have sharp su- 
perior borders. In Cosoryx and Antilocapra the horn arises directly over the 
orbit, and the same is probably true of the John Day species of Blastomeryx ; 
but in the Loup Fork species of the latter genus the base of the antler has 
shifted it* position somewhat, so as to spring from the posterior portion of the 
orbit, and it is also directed obliquely backwards, which apparently is the be- 
ginning of a process which results in the position of the pedicels observed in 
Cariacus. So much of the frontals as is preserved shows no trace of any sinuses, 
only the ordinary diploetic structure of the cranial bones. The liases of the 
antler* are much farther apart than in the deer, and are not connected by any 
intervening ridge. The coronal suture is nearly straight. As usual in rumi- 
nants, the parietals have coalesced into a single large bone, which clearly makes 
np most of the roof of the cranium. In the anterior portion the supra-orbital 
rid;^es are carried over from the frontals and converge to a point. Only the 
anterior part of the parietal is preserved. The inferior surface of this, aud of 
the frontal* as well, is deeply channelled by the winding and complex cerebral 
convolutions. Of the dentition we possess only a superior molar, and several 
inferior molars of a smaller species. The upper molar is very cervine in struc- 
ture. The crown is brachyodont, and nearly as broad as long, while in Cosoryx 
it is strikingly narrow as well as hypsodont. The valleys are deeper and the 
external crescents more flattened than in Palccomeryx, while the internal cres- 
cents are somewhat simpler. The cingulum has almost disappeared, but a small 
basal pillar occurs between the inner lobes, as in many deer. The lower mo- 
lan have low and rather narrow crowns ; the valleys are shallow, and disappear 
after a comparatively short time of attrition. The cingula are but faintly indi- 
cated. As compared with the molars of Cariacus, those of Blastomeryx are 
simpler in the uncomplicated inner crescents of the upper teeth and the shal- 
lower valleys. 

The Skeleton. 

The srapula is much like that of Cosoryx, though with some difference, the 
Beck is more contracted, the coracoid more prominent, and the acromion more 
^whanging. The glenoid cavity is small, nearly circular in shape, and quite 
deep ; the anterior or coracoid l>order is thin and curved, the glenoid border 
touch thickened and nearly straight. The spine is not very high and divides 
fo blade into unequal fossae, the postscapnlar being much the larger, and the 
•amnion overhangs the neck, but does not nearly reach the margin of the 
flenoid cavity. 
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The kwmenu. The proximal end of this bone k not pitjomd In any of the 
specimens ; the shaft it rather short and slender, and snows a distinct *»g— "*i 
curve ; an indistinctly marked deltoid ridge runs for some di"fiUCT down lbs 
shaft. The distal end is moderately expanded and thoroughly eerrine hi* ap- 
pearance ; the inner condyle is much the wider, and the intercondylar ridge m 
sharp and prominent. The anconeal fossa is deep and narrow* bat does net 
perforate the bone. A moderate internal tuberosity forms a downward projee 
tion at the postero-internal angle. The ridges for muscular attachment are but 
feebly developed. 

The radius is entirely distinct from the ulna, no co-ossification betwisn the 
two occurring at any portion of their length* The proximal end is much ex- 
panded, ss this bone carries nesrly the entire weight of the fore limb, and coren 
the whole of the distal end of the humerus, the ulna being confined to the 
tenor aspect. The groove for the intercondylar ridge is deep, and emargi 
the anterior and posterior edges. Two small facets for the proximal end of the 
ulna occur on the posterior side, the inner one very small, the outer larger and 
quite deeply concave. The shaft is lon& slender, and considerably nanenad, 
forming in section a transversely directed ovaL The distal end is expanded and 
thickened, and is deeply grooved in front by the tendinal sulcus. On the 
ternal tide there is a strong and roughened extension, which fits into a 
sponding depression in the side of the ulna. The facets for the carpus are 
separated by a strongly defined ridge, and are placed very obliquely to the axil 
of the bone. That for the scaphoid is deeply concave in front and as markedh 
convex liehind, and is continued well up on the posterior side of the bone. 
This portion ban the greatent antero-posterior diameter. The lunar meet is 
smaller and lew deeply incised. External to it is a small oblique surface which 
articulate with the cuneiform 

Tin* ulna i» much reduced, though still retaining it* independence. The ole- 
cranon i* rather short and much cnfiipnnwed, though of coiiHdernHe f»re and 
aft depth. A-« the radiim ha* UHiir|ied the entire distal end of the humeral 
trtN-hlt-a, the sigmoid notch of the ulna i* hImIIow, and the inteninl radial farrt 
ha* Ui nun- minute, though the external one form* quite a protuU-ronc*. Th* 
shaft i- i*\i'e« a (iiii^lv -lender ami cnmpivMed ; f«ir mo*t of it* length hardly tn^re 
than a threail of Ume. The distal end it somewhat excluded, though Ti-rr 
small, ait- 1 deeply excavated oil the inner nide for the j>n»tul*Tnnr«- of the rs- 
«1 iii -. Tin- <'iin<>if<irui facet in widdle-*lM|ied t n nd winN down a well iuark«l 

proi*f-» nil tin* i»UtiT fide. 

The ;i./ri« t m> far a-* it i«* preserved, \n much like that of Ow»ryr. th«-u^h tb* 
ilium ha- a l<-it^T neck, ami wax apppretitly even less everted than in th*: 
p-iiti-. The i'l-hium i* mther *hort, 

I.i t tie nf the f'fnur i* pn-HTVitl. The head in small nnd cnnipmsed. a* I 
ri-i- little al»«ive the rid-^e coiiueetiii^ it with the jpvnt trochanter. Tb* 
r«'tultr triuhliM i« very broad, with rounded ami somewhat more prominent is- 
teihil e-l^e ; the miter edt»e i* lower mid shar|ter. The condyle* are ritb** 
pin.ill tiel widi Iv Hejiarated ; u1>ove the inner one there it a -mall but »h* 
fdniit.iri* ropMty. 
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The tibia has a largo trihedral head, with large external and small internal 
surface* for the femoral condyles, and prominent bifid spine. The cneniiul crest 
is very well developed, and just posterior to it on the external side is a very 
deep tendinsl sulcus. The abaft in quite long and stout, with oval section and 
broad dUtal end. The surfaces fur the astragalus are deeply incised, and the 
external one is somewhat the larger. The tongue is broad and thick, corre- 
sponding to the breadth of the groove in the astragalus. The internal malle- 
olus is very long, and forms a tongue-like projection from the anterc-internal 

The fibula in as completely reduced as in any ruminant. The proximal end 
ii ankvlose.1 with the tibia, where it forms a short sharp process. The distal 
end is not represeuted in any of the specimens, but from the structure -of the 
tibia it is plain tbat it was a small nodule wedged in between the distal end of 
the tibia and the fibular process on the calcaneum. Between tbe two distal 
fibular facets of the tibia ia a groove for the reception of tbe rudimentary shaft. 
The carpus is like that of recent deer; the bones of the proximal row are 
high and narrow, those of the distal row low and broad. The scaphoid is deep 
uitero-posteriorly, and broader in front than behind, 
where it is much narrowed by the great lateral exten- 
sion of the lunar; the proximal surface is directed 
very obliquely backwards and inwards, and is deeply 
incised so as to form a very firm interlocking joint 
with tbe radius ; this facet is divided into a strongly 
convex anterior portion, and an as strongly concave 
posterior portion. The lunar is curiously shaped ; it 
ts broadest in front and behind, and contracted in the 
middle ; the anterior surface is transverse, the poste- 
rior Tery oblique. Tbe radial surface is directed ob- 
liquely inwards parallel to that of the scaphoid. The FtauH* T. — Cams 
ji«ul surface is divided nearly equally between the Blmivmirix, nat. siio, 
magnum and the unciform, which meet at a very open 

angle, and tbe "beak" is barely indicated. The inner face of the lunar is 
Dearly vertical, the outer very oblique, as the upper part of the bone is consid- 
erably wider than the lower, corresponding to the reduction in width of the 
proximal portion of the cuneiform. The latter bone has a broad distal surface 
and small saddle-shaped facet for the ulna, which is prolonged well down upon 
the piHtero-external surface. The cuneiform rises above the level of the lunar, 
and presents a small oblique surface, which articulates with the radius. The 
pisiform facet is high and very narrow. Tbe trapezium is not preserved in any 
i of the specimens, but its presence is demonstrated by a small facet on the pos- 
1 too-internal angle of the trapezoid. It was obviously very small and did not 
fact the scaphoid. The trapezoid and magnum have coalesced ; the proximal 
*n»ce of the compound bone is mostly occupied by the scaphoid, the facet for 
'Wen is low and concave in front, rising behind to a low broad convexity ; the 
4attl surface is nearly flat. The unciform is narrower and higher than the 
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tiapezo-macmirn ; its proximal surface U divided obliquely into facet* f r lb* 
liuiitr ami cuneiform. The unciform projects below the level uf Ibe tr,;--i-- 
ua^num.and soprwcnts upon the radial side a mull facet Iurtbeci>nv-|--riii:i^ 
projection of inc. 111. 

Tin- MutacurpiiH consists of the III. and [V. niutacaqwls, which have rualrarnl 
to form a cannon-bone, and the II. and IV., which are very il.-iid.T, «ljlif..nu 
bones, ]H'rlm|« interrupted in the mulll.- •■! iL» 
shaft. The caiiuun-lsme i* m..re »1i-iu]-t Ibit 
the anterior one of (.'usury* fipin-d \.\ |"-.|» 
(Am. Nat., IBM, p. 647). Tin- pti.iiiu.il ■tr- 
fiu-o is unequally divided, rnnrioVntl-lT tb» 
r part belonging to mc. 111., win. h pr>- 
jrcWi.Wu the level .if mc. IV., an.U. ..-un- 
into contact with the uii.if.inn. Tin- nrr.iri.t- 
iiK'iit occurs al*) in Unmnthrriuvt (-** ti-iu irv, 
Ein-huiueuieut*, Fig. H2). and to a nut J. !•» 
degn-ti in AHtilucijim. The shaft ■ ■! tin c.:*. 
iikii-Ihiiii- in lirooder and flatter |»r»iinullv. \r- 
cimiiuc; nurrower and more rounded iIcuI't. 
■lid tin- di«tal trm-bUsc an- completely ruin led 
1'V sharp keels, as in exihtiiifj nitniri.tnti> i't 
the posterior nidi 1 nf the proximal end nrr twf 
■mull fmrts, pr»lnil>l>- f»r the he*d> <.f the Int- 
end dipt*. At all events, Ml uch of the .l.if'j 
of the uielacurpuls II. and V. were pn-irved 
in the *lmpe of very slender an.l f»iii|^*l 
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tentaculom is short, but broad and thick, and the fibular facet is high, but short 
and narrow. As compared with the calcaneum of recent deer, that of Blasto- 
tmryx has less anteroposterior diameter below, and a somewhat less thickened 
tuberosity at the free end, quite unimportant differences. The cuboid and 
navicular are firmly co-ossified, as in Palccorneryx and all existing Pecora ; these 
bones are quite low, and the navicular rises but little in front to fit the distal 
groove of the astragalus, but on the postero-intemal side it sends up a strong 
and high process, which makes the astragalar facet very deeply concave ; dis- 
tally the navicular shows two facets, a large one for the compound cuneiform, 
and a much smaller one for the entocuneiform. On the distal surface of the 
cuboid, besides the large facet for mt. IV., is seen a minute, oblique infero- 
lateral one, obviously for a rudimentary fifth digit. The only other tarsal 
l»one preserved in the specimens is the compound cuneiform, which is rather 
low, narrow, and deep ; in front it is nearly on a level with the cuboid, but be- 
hind descends somewhat below it, and thus affords a lateral attachment to 
mt. IV. The presence of a distinct entocuneiform is demonstrated by the 
facet* for it upon the navicular and cannon-bone. 

The metatarsus presents some features of much interest Rosenberg (Zeitschr. 
£. wis*. Zool., Bd. XXIII.) has shown that in the sheep embryo there are at 
one stage four complete metatarsals ; he states, however, that the lateral ones 
are ultimately absorbed. In Blastomtryx, as in Amphitragulus, and probably 
all existing Pecora and Tylopoda, there are at least three elements which enter 
into the formation of the poste- 
rior cannon-bone ; viz. mt. III. 
and IV., and the proximal por- 
tion of mt. II. The latter, though 
ankvlosed with mU III., shows 
its limits distinctly; it has a 
small facet for the entocunei- 
f>*nn, and ends below in a point. 
Mt V. was obviously present, as 
upon the postero-external side of 

the cannon-bone there is a shal- ^f™** ». -Proximal end of posterior cannon- 

bones X f , internal view; A. Amphitragulus ; 
low proove, and upon the CUDOld, B. Blnstomeryx; C. Anlilocapra. 

a* already stated, there is a small 

facet for the head of it An examination of the metatarsus of a modern rumi- 

utnt seems to show that the portion articulating with the entocuneiform is the 

head of mt II. ; whether mt. V. be also present is more difficult to decide, but 

in existing forms there is no portion which can be identified with it, while in 

RkttomeryXy though undoubtedly present, it does not coalesce with the cannon- 

k>t»e. There is nothing in any of the specimens to indicate that any portion 

of the distal ends of the lateral metatarsals were retained, though doubtless 

phalanges were preserved, as in the deer. 

In this brief, but fairly comprehensive review of the osteology of Blastomeryx, 

*e have seen nothing which can be opposed to the view expressed by Professor 

▼ou xx. — wo. 3. 6 
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Cope, that thin genus should he placed in the ancestral line of the ili«tin<-:*vr!r 
American deer. Alecs, Tarandu*, and Ccrvus are really immigrant « irwii :•.» 
Old World, and do not belong in this category; hut the truly American i\ :•-. 
of which Cariarus is the chief example, have a peculiar nkull ftnif tun-, t:r-t 
fN>inted out bv (*am>d, which seem* to show that the American dei*r hi r*- «♦ :► 
arated from those of the Old World at a comjuiratively early dali\ tumuli i: .• 
very questionable whether Wh scries could have independently aopurvd :Lr 
extraordinary peculiarity of the deciduous antler. 

COSORTX, Lkidy. 

Cosoryz furcatus, Lkipt. 

Tli is very interesting animal in represented in the collection* of <iurm.tn .*; '. 
Sternberg by several sj>eciuiens t which enable us to mid materially t«» tb> •-• 
script inns hitherto puhlishcd. These descriptions are mo brief that the rrl.ii.. : 
ships of tliis genus have been very generally iuiMindersto«id. Selling r ^ \ 
44 In Xordamerika linden sieh im oImtcu Tertiur zwar < trweihe vnn II::-''. 
Kieler dtrsell>en rind indesseii noch uirht mit Sicherheit rrmittrlt, ««t*:^'*:.« 
naheru i»irh die (Jebi*sc ties l>irrin'trit* Cope., McryctMlus I^eidv, <\>+trifi M.»r*i.. 
zwcifellos eher den Antilo]>eii, In'soiidem dein lelienden iiordutin*rik.ftri:»» i « •- 
Genus Autilocapra, ids den llirseheu. Sie hind zugleich vitd einfa<hi-r „t '^. : 
un<l sehlii'--«eii sirh iuiiii«*ntliili die Markeii sehr lmld, was In'I den Ilir*. h« :. • r»: 
in eiueiu /ieinlii-h *pat<*u St.idium der Abkauuug auftritt. l>.n ( •l*-i>i«*- >.\.r*.' 
wohl aueh der Kail win ln«i llbwttwrijx < \ijm« = CwtrifT ;/t;mir/.r f In-!.- .» :.. 
Cope densell»eii aU Staiiiiiivater v«m 'Vrnur uud 1'*tri*mi.< Utra< bttt. |»-. % ■ 
M.n-h behaiipti't« a K\i-t»n/. v* »ii Si'iii'ii/i-1ii"ii l»»i ''">■'.'■»/' 'Im !;« w--:. t ■ '.. 
U /wi'iii'lt \\i iib-n ; <lic Hand bat < *••]•«■ .i* ji-lil«bt nii'i /« :_-; • !. «• '.' > !■ 
\ . . 1 1 i tw.itji ii < Ji .!b In. Wi mi mi b i'iii- -\ -ti iii.it i -« iii >!■!!:.• ■ ■ '. 
1 1 "i 1 1 i. «. h: \ iiMi .- ki .1 J*\* .'t i I - ■ :j--iiit . - • k«»!i iii-it w ;l «l ■ :i ii.:: .-: ■ r '. 
-■b< n.li- ill.- .1 m:ii.« l.i:i« ii. 'Ii - w : i bi< i i 1 1.« 1 1 i i „•■ im :i > «:. :. v. . . _■ 
I, i:,j i. i \ i i i;:. I. .1 • i.. .il- «!• - ■ !i li t .'!< r Ii- -1 « i s ■ - li.< 1 1. \. u:-i ■ i ■ 
r,] ■ in- i ;.il» ! .hid- p« #"i In is !■ bti n i«t. !>.•• \ • i.i :•!;:..- - : - « ■■ .. 
).. wi i|i n ! . ' ■• t ,: 1. \\ i« I" i .;• -i « ■ liti n I In ■■ I.i n. \\ • i !■■ 
\ , •, 1 1 ! i 1 1 . , . 1 1 1 ■■■.•■ ■■ 1 1 •!■ 1 1 \ • '■ n i !. « i!' n 1 I.i iii ii <i< ■ I ! i ■ _■ w 
,[■. , \ ii- ,1 ii . j." :. ':.: -i.' .i ill .!!• ii-i- < il .'!•• «1< i \ ■ -i <'.•■. • 1 1 . 
1..' . •. i ;. m . ".:: i in- i! . ( M i : !i. .1 ii.i 1 '., IM. \ i I . j. '•» i 

\ -a . ! | ... ■::i. •■! !l.« ■ ;:.!• i- n i * :u«" pi "i'.ii ! i • :'■ . •■■ \ 

•■ ■■ i \ j.- ■' i'= ! \ li.. I .!•!:!;.'. I i.. I ■ "-1 J » ••! •!■■-• !\ .i.i i -• ■ 
■ • • ■ . , : . : ! . * k;i| i i I • : : : • \ « -l I. : ::" 1'' I k b« ■!-. 1 *.! .i» ! ■ .! • ! • ' 
1 ■ ■ .... '. \\ ■ -.. . l'M|. m in til" .1 '.li 1».;\ l« 1-, wi • r- !' ■ .-■ 

• ' i" '!\ |il>]> . • '• 1 b\ -.'III I.i' .■•■-] h-i ■■ . \. \\ /. ■ • ■ 
\ .,•,.!•■. • ■ -i !. -ii :.. . a\'-i \ :•!■ i.i:. (1 \\ lib ? ■.. *\ ; \ ,-. 
I' - i . /' - • . i I > ■ •■• ■/, ■ • . /-, .ib-. ■;* • ;,. :.'\ ■ ■», -, 

■ » . . •:'■.. .J ■ n « • t I :.- ■ 1. .1 ii li i:-th- " r.ibrnini -\ \ : ] . "• . ■ 
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lower molars. Cosoryx is very closely allied to Blastomeryx, and is distin- 
guished from it chiefly by the much more hypodont molars. The bones of 
the various Loup Fork species of this genera cannot be distinguished apart in 
the absence of associated teeth, and it is quite probable that the John Day 
species of Blasiomeryx will prove to belong to a different genus from the Loup 
Fork species. 

The Dentition. 

One undoubted specimen of Cosoryx contained in the Cambridge collection 
consists of a fragment of the superior maxillary containing one molar, the lower 
jaw with first and third molars, an antler, the sacrum, all the lumbar and the 
rive posterior dorsal vertebrae iu unbroken succession, the scapula, humerus* 
peh'is, and j>o8terior cannon-bone. The resemblance of these bones to Antilo- 
cayra is very striking, and fully justifies what Schlosser has said with regard 
to the relationships of the two genera. The second upper molar is not much 
extended in the antero-posterior direction, and has a fairly high crown, though 
not hypsodont to the same degree as in the prong-buck ; the median fold of 
enamel on the external wall, or, more properly speaking, the projecting anterior 
horn of the postero-external crescent is less strongly developed than in the re- 
cent form, and the corresponding horn of the anterior crescent hardly projects 
at all. The valleys are shorter and wider than in AntUocapra^ and though the 
tooth is in an advanced state of wear, they are still quite deep, in contrast to 
what occurs in the lower molars. The lower incisors and canines are all 
broken away, but from the alveoli and remaining fangs it may be seen that they 
were of the ordinary ruminant pattern, probably not very long; they decrease 
in size from the median incisor outwards, and the canine is the smallest of the 
ferie*. The premolars, three in number, are represented only by their alveoli, 
which shows them to have been very small. The most anterior is implanted 
by a single root, the others by two. Leidy's figure (Merycodus necatns) shows 
them to possess considerable complication, but they are less molariform and 
more trenchant than in AntUocapra. The true molars are more truly hypso- 
dont than in the upper jaw ; the first is very small, but the third resembles that 
of the modern genus exceedingly closely. 

The same may be said as to the form of the mandible itself; the horizontal 
ramus is very long, compressed, and rather shallow, and with an extremely long 
diastema between the canine and premolar 3'; the ramus is less rounded on the 
external side than in AntUocapra, and in that genus there is no such descent of 
the npper margin in front of the premolars as occurs in Cosoryx. The sym- 
physis is short (much shorter than in C. trilateralis, Cope) and much contracted. 
and on a level with its posterior edge is a large single mental foramen. The 
antler is branched like the one figured by Leidy with the name of Cirrus Warrmi, 
bat with a much longer beam, and the tines meeting at a more o]>en angle. 
The beam is longer and the tines shorter than in any of the antlers figured by 
Cope, except, perhaps, the imperfect specimen named Cosoryx (Dicrocerns) teres 
(Wheeler, PI. LXXXII. fig. 6). The antler is composed of dense bone, with a 
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smooth and here and there furrowed surface, a texture which, a* Schlatter has 
remarked, is very different from that of a deer antler. The burr U very Uiw 
and prominent, but a vertical section shows that the beam pawn- into th« 
pedicel without any j>erceptible breuk or change in the tissue. In d*xyi \ht 
burr is very variable, us may be seen from Cope's figures. In thi* ndln ti- n 
are some specimens without any burr, others with a single burr, and Mime mub 
two or three. They can hardly be regarded as an evidence that the antler vi* 
deciduous. 

The Skeleton. 

The vertebra?, so far as they are preserved, resemble very much th*w of Anti- 
locapra. Owing to the fact that only the jx>*terior |Mirt of the column u pre- 
served in the specimen, it will Ihj most convenient to de-H'rilie them from Iwhirj I 
forwards. The only caudal represented is like the second of the pmng-hu. k, 
but a little more complete, and clearly shown that the tail was short, a* mar 
also l>e inferred from the sacrum. This caudal is short and narrow, r*j** wily 
in front, with short wide transverse pnx-esses uear the posterior end. Then- arr 
a pair of rudimentary pivzygajiophysefl, and an exceedingly minute neural caiul, 
which will just allow the ]»assage of a needle, and a corresponding neural *\*iijr. 
In the prong- buck the second caudal has neither canal nor spiue, and the trans- 
verse processes an* wider. 

The nacrum consists of four completely ankylosed vertebra. The fii>t Ha* % 
broiul depressed centrum, well deveh>|>ed prezygnj>oj»hym>, and much rnbrj^l 
pleuni|xiphyHes, which occupy most of the sacral surface* of the ilia. Tb«- »;<i!«* 
is coalesced with the others into a high aud arched ridge. In the pn*n^-ln: k 
the spine* an* more distinct. The other sacral* have expanded pleural* >phw*, 
but «'nl\ tin- M'l'uml ha*> any conta-t with the ilium. The rent ra ih> r- »•• r..- 
i<llv in -i/i* lr"tu tin- tii'^t iMi^ti't'inilv. and that of the laM i**«'ii'iMnliti^'\ «{i : r ■*• : 
ami thin The whole ".ii-inm i-» i|u:ti' .-tr««m:l\ an lied ln.ni U-f«ie lu kw - ■ 
The 1 iiinl i.-ir le-.'ion i- ipiite long, ami i*ini-i<.t> of hx vertrbrir. ul.i-h an • 
ih-ily • "Ti-tun ti«l ; the centra an* allien.. ily coinparati\ < Iv tiain>w a! : •■ 
«li.d in -e-tion, po-iirioilv tlu\ an- broader and limn* flepn ^«d T:.- •■ 
an- 1 »\v .md (-••inpar.itively l»n»i«l t ami are im lined well iorwanl, w:::. 
it 1 1 1 • r i ■ r l»'i«l» r». TIm* tian-vei-e jiiu'i^i'-. on tin- tir*t liunKir at*- -: ■". 
p!i •-. <l. 1 wt • -oinji arati\ely bn»ad ; 1 1 1« "•■ plo ( v-».e- lengthen a- We pa** 1 i ku .- «. 
l«»i! ap- \<i\ -!• 1 1 1 1 » ■ r a- «• >iii | >.t i !-• 1 with those of Anh! ••'•t^r t t mil \) - 

► •■:!.•■ -i|i !"U« I til. Ill III til it L'ellll-. "I'll-- /V;Mpo|ih\ !>e«. uj,- , ,| ||;, j;«. .J . , 

• \ 1;: -I: il 1 \ i" n nil am-ing ai t i>»1 i> t\ h--. and then* :iie ii-< ln> : >.:* • • \ — 
V\ • i'i in ■■ '.' i \\ \'\\ •■■:i -i«li ial<le «-«iiti-l. ii< e th.it tlii- n ii nil nr i-f d>>r*>.d \» ::■ ; ■ •■ 
\n ' ' '!"'ii; i-n thi « .i -iiiiij'tinii. the m< .-t anterior dor-.,d •■! tin* -]- : : . ■ • 
t ; ■ • ; i hi tl.s • tie ' • i.'ttum i- -!ii it ami tnhedr.d in m', ti-n. w :: . • : 
n : ' ■ !• l !i 1 1 j' a lii I a!- li« • I 1 1 • >li: 1m ln|e l»i« k\\ aliU ; the -pis.e i* ra!! • ? - ' ■*. 

.iii-l ■'.!■ !< I \»:\ •■l.liijii- 1\ hai kw • i r« I - ; the ti .i!,-\rN' ppM'-r-*. «. mv »r rt 
*!•«■!■ i . »ri'l I. i\ • v\ • 11 in ii ki d ! i' • t - !«-r t!ii- t iiIh ii 1««* of thr ri'"- ; tit ■ •. 
|'|i.^ ■ .u« tlit and pl.t i <l "li the p«'di< rU i>f the lieurul an h, ;tiid, — • .. ; . 
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from them by a short interval, arises a pair of small metapophyses. The tenth 
U the anticlinal vertebra ; the spine is at first very oblique, but curves, and 
in iu upper portion is vertical. In other respects this vertebra is like its 
predecessor. On the eleventh the spine is directed slightly forwards, but the 
end is rounded like that of the anterior dorsals ; the metapophyses have ap- 
proached the median line so as to touch the post-zygapophyses of the tenth, 
while the post-zygapophyses of the eleventh have assumed the cylindrical shape 
found in the lumbar region. The twelfth and thirteenth vertebrae are much 
like 1 urn bars in their construction, and are distinctly longer than the three an- 
tecedent vertebrae ; the spines have the nearly straight thickened free ends seen 
in the lumlkirs, and the metapophyses have disappeared. The transverse pro- 
cesses, however, are very short, though they still retain the rib-facets, even on 
the thirteenth. 

The ribs, so far as can be judged from the fragments, are narrow and very 
•lender. Of course this may be true only of the posterior part of the series. 

The scapula is characteristically ruminant. The glenoid cavity is nearly round 
and quite shallow, the coracoid process is prominent, recurved and thickened at 
the end ; the neck is very long and much contracted, the borders sloping away 
from it very gradually ; the coracoid border is thin and rounded at the edge, it 
carves gently forwards and upwards from the neck ; the glenoid border is very 
much thickened and somewhat overhanging, from the neck it is nearly straight, 
and forms a right angle with the very thin suprascapular border. The spine 
rues abruptly from the neck into the high acromion ; the latter overhangs very 
slightly, in sharp contrast to the condition found in Antilocapra. The spine 
divides the blade into unequal fossae, the prescapular being much the smaller, 
as is ordinarily the case among the ruminants. Except for the nearly straight 
inferior edge of the spine, and the consequent lack of an overhanging acromion, 
this scapula very closely resembles that of the prong-buck. 

The humerus has a broad and flattened head, which projects but little beyond 
the »naft. The external tuberosity is large, and curves over the deep bicipital 
groove ; the internal tuberosity very small ; both are much less developed than 
the corresponding processes in Antilocapra. Proximally the shaft is broad and 
compressed, below it is rounded and slender. No ridges for muscular attach- 
ment are more than very faintly indicated. The distal end is broken away, but 
in all probability it was like that of Blastomeryx described above. 

The pelvis is also entirely ruminant in character. The ilium has a short, deep, 
and much compressed neck, expanding into a curved and strongly everted plate, 
which projects a considerable distance in front of the sacral attachment. The 
ilium is somewhat trihedral in section, the median rounded ridge of the plate 
being more prominent, and the expansion itself smaller than in the prong-buck. 
The ischium is very long ; above the acetabulum its superior border shows the 
convexity so usual in the recent ruminants, though in a less marked degree. 
The tuberosity of the ischium is very long and prominent, and directed straight 
outwards ; behind the tuberosity the ischium is prolonged further than in the 
prong-back. The cannon-bone belonging to this specimen is broken, and its 
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proximal end obviously diseased, so that it doea not merit description ; th* <«! y 
fact of importance which it shows is the comparative aleudeniea* ol tin- U»iir. 

So far as the material will enable us to judge, the feet of IWry.r dmVr in l- 
important respect from those of Blastofiuryx, and the same statement applies u> 
the long bones of the limbs. 

Restoration of Cosoryz fcrcatcb. 

(See Plate I.) 

This drawing is made from the sjucimen already described. compbtrd • r 
fragments of others, while the feet are drawn from IlUutvmrryi ; th> tr%: -ii 
vertebra: are represented only by the axis, the others being cniijti tuml, a- .ir*- 
also the anterior dorsals. The skull is taken chiefly from that of tin* *!-~!t 
allied Kuro|>ean genus, Pa ctmieryx, and from HjKH'iiuen* of the Lirgr ' -+•"-.: 
ten a, (\>|h», l>eloiigiiig to the Smithsonian Institution. The fortunate i<«kj. 
tion of the mandible iu the same s|)eciinen with the vertebnr, jxdvU, Mapu!*. 
etc., gives a very useful standard as to the length and character of tbr »kuli. 
position of the molars, etc. It may be assumed with some confidence that \l< 
drawing gives a fairly ace unite representation of the animal. Mar*bV aro»utii 
of the feet of Cu*or\js hIkjws that they were constructed much like those of llii*- 
t'limryr. In general ap|H*araucc Conoryx seems to have had the saiiir li.-ht. 
gi-.ttviul build as AntHthHj.ra % but with a very different skull and iln-r»likr 
aiitb-rs The proportions of the limbs also differ somewhat, the hinder canv-rr 
lH.hr U ing considerably longer than the fore, while in the proiig-hurk the* urr 
ot nearly the name length, (\umryx. was a much smaller animal, the Un*r- *rr 
all more blender than in Antilm-npm, and the carjKii and tarsal bone* art- iu'j i» 
I . : . ■ i i • i and n.irp'Wi'r ]ir«iput!i<inatcly. 

Tin- \ i' a ln-ld by Cupr tli.it t'nfurux i* the nnri-Mor of .lii.fi/ ».-«»jfi > tirr 
| ■ i - . • . i ! ■ i \ tlit tnii* oiii'. S»i far a- the dentition, 1 1 1 * - Yi-itehiit-. and the !.!.'« *.*r 

• ■■ '.'•Jin 'I, tlif dill- ■liMH'r- 1 »* * t \\ t ■ • • I i tin* two grlhTU an* i*Ill\ Mli ll .1- !:, .■' ' •■ 

i-\j» :•■! i < mi bi-tw«-i"ii a MiiN'i'iii* ami a n (flit ruuiinaut. A d:»:.:. : : 

"■•im in j •■ »t t .in* • . li-'U >-\ i-r, eun-d-t- in the rhararter «»! tin* hutti- li. »' ■ - . 
t! ■ \ it- bi.ini'lii .| but pmbahly not dct'iduoii- antler-; iii.hi.\/« \,*i ,\ 
with .t h-ii!\ -du-.ith. wbiih. h'»wi'V»-r» dilfi-r* -tnkiugly from tin- l.»:i. • • 
t\ 1 ''' l<t\i "itna. 1'nt thf uniipif brain'hrd hum of /In/i/iHMj'r i i.-: «•..■: 
al 1\ ni'ii »■• -. i- ha« Im I'll -ii , _rLT»*-tft| bv ( 'upi*. a i «)ii naTit of a f « • r r 1 1 « : '■-:»■ 
1. 1 tin b--:i\ <•■ !•■ it-. If, and -•■ thi* dilo-ivine dm'- not piv< lu«l« a j«:i«:. 
n> . j -i l.!\vi«n t!n- tw»i t.-im-*. In ''•■«■ r-tr the antler wa- aliii'i-t o:*. ■ 
« \-!. 1 w::'i -km: it • -lu-Hith «.iul'i l t' 1 ;is Si'|i1ik.<.i r point.- out, -djou* t:..*. .: 
• ..!! ii *■ 1 i\i- Im fii nakid. i" in th« trut- dier. 

!'.■-! it III '■.•!■ ri/y and f '■"> r-n an- pi>.h.th!\ ti» In- d« lived from tbt «;, •. . -* 
|. m« -1 t •• ! ii- t -i iii< i -_r - - 1 ■ 1 1 < w hi- h <■■ i iii iii thi- .bih u I»a\ U'iU, b-.t t:.- -■ .- 
! i . i \ • ? I. » "mi in tin Winh- Ki\«-i win. h o.uld ha v.- ^'ivi-n r:-«- t ■ ti t -. ' 
I » ■. t ■ . hiM- Th. 1 iM'i atf ni'i-t pr-ibablv d«*'i!id«-.l tl In * n.« / 
i. f •■: tl.i i »1 I \\ '-ild, w hi* h niijiati-d ti» thi- • -«iiil nit- nt. Tiu\irvil - : 
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section between these American genera and the Amphitraguliu, Drematherium, 
etc. of St. Uerand le Fuy is obvious from the most superficial comparison. 



s specimens probably indicative of other special of 
le of them much larger than C.furcatiu; but in the absence of aaso- 
it is not possible to refer them to their proper categories. 



PERISSODACTTLA. 

ANCHITHERIID^E. 

MESOHIFFOS, Marsh. 
Thb Brain. 
MtuJiippia bad a large and well convoluted brain. The length and breadth 
indicate that it weighed about one third as much as the brain of the recent 
horse, while if we estimate the body weights of the fossil and recent animals by 
the relative sue of the h uraeri, the brain of the Miocene species was proportion- 
ally heavier. The cerebrum 
of the horse is, however, 
much more highly convo- 
luted, and the frontal lobes 
are relatively broader. The 
iiaohippat brain in distin- 
guished in a marked manner 
by the longitudinal direction 
of the parietal and occipital 
sulci, anil by the deep trans- 
versa frontal sulci, aa con- 
tracted with the oblique sulci 
of all recent ungulates. In 
(act, in this respect it bears a 
marked general resemblance 
to the brain type of recent 
Caroirora, and conforms with 
the higher Ungulate of the 

On either side of the lon- 
gitudinal fissure is a long deep fissure forking anteriorly and marking off the 
median gynu, m, of the parieto-occipital region. Parallel with this is a short 
fissure, which separates the two medilateral gyri, ml, ml'. The third Aware 
extends to the posterior transverse, and thus entirely separates the supersylvuui 
gyrus, a, from the medilateral. The fourth fissure is shallower. There are 
three transverse frontal fissures (Fr. 1, 2, 3) which divide this lobe into three 
gyri ; the median fissure extends almost to the longitudinal fissure, and nig- 




inujrns or the 



■: i.f ihc Guntraa. Tti tykian ftani* k »< 

. ■■■ nphaBofdial [■■'-■ it i.tv ptsalamV ami I- iLviilwl ilili 

(i, m, i) lij two mlaL BaMtth UM tUirJ frontal ujnia i- * vortical 

alkl Willi the ■lylvmiL. 

TUe caretalluiu baa a larj[e central lube witb tnninm ■>■ 

TtlK Dl ■ 

There are a few new pofnta lo be n»u»l in Pagan! to tb«t ta*th of Jf j aaifaaa, 
wliiili boar ujHjii ihu ilanutiun of Uns bona* in gunvntl, and an dearly abovs t* 




VMvn ii.- 



>u[»rl«r and interim nwlan at UaAiffm BatralB x f. 







a aerica of unworn eamwna of lb* upper ami lower jawa, Scott baa 
pointed out tluil llu bwlaon in 1I111 oajtm Hi 

of UM tiifulililiH of (he coamvl. aucb aa i. 

Andtitlwrium iwrtlutntHM, III Kinw nf I 

Day apodea or AnihiihmvtH the enamel ii 
I jaw uf • >| 
rat i '"' 10 A. af aa tef. Cope. 

Tbj u| |,t m.ilar* >>f J/iwAiaaai* eharlj al 

Tint »t*'ji in the formation nf ibr patttnm /*. 

which in to mmj-i.-iinua a fealu 

in Uip pcialeri'ir vall.y. ThU i-j 

in a -till utaipliT «tatf* in a *)>adiiMU of At* 

n h Pb'wphi>ritaa, St-], by etra a 
t!i" di vi'|..|.|ii- nt of tliu inap a 
miliar*) 1« 

tliU acceaaory map can t* traced back tn the 

of KyiJtipput. When it llnally nnltn -ill. Ui 

li-niiiil, in llippnrion, il forma lb* pialnritaf 

', Iluiiniryrit, trliitb ia onabajaaj I 

«'«"! *•**« »>*• *■*■ antefinr pair formed by the bbJm "f lb. dmU 
ami anUwior pilar, a (a, a, Kuli meyar). 

Thn* the bwattaOB from the MiuJiipjmt to the AmrkUktriitm tinUft k 

h -ra.|uil, «■ •Ihik'ii iii the actuiiijNui ) mi,' ll^'urea. By tracing bark Um r 
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the eleven element* which compose the upper Equus molar, we find that six 
belong to the primitive sextubercular bunodont crown. Two elements of the 
ectoloph, the anterior pillar and median pillar, rise from the simple primitive 
basal cinguluin of the Ilyracotherium molur ; the same mode of development, 
we have just seen, is true of the posterior pillar. The eleventh element, the 
fold of the postero-external angle of the crown, p, is not prominent until we 
reach E quits. The term "posterior pillar" is taken from Lydekker; the other 
terms, " median " and " anterior," are applied to parts which have an analogous 
origin from the basal cingulum. The remaining coronal cusps are readily iden- 
tified with their homologues in the primitive tritubercular molar. 

? Anohitherium parvulus, Marsh. 

(Syn. Equus parvulus, Marsh.) 

Among the Loup Fork specimens collected by Clifford are found two lower 
molars, m^ and % which are almost identical in size with those of Mesohippus 
Bairdii. The crown of m x measures: antero-posterior, .011 m. ; transverse, 
.O09 m. Unlike the Mesohippus molars, there is no external cingulum. The 
*• posterior pillar " has the same degree of development as in Anchitherium. The 
fangs are separate. There is no trace of cement Marsh has described a di- 
minutive horse (Equus parvulus), estimated at two feet in height, from the 
same beds, and it is highly probable that these teeth belong to this species. The 
generic reference is of course very uncertain. The brachydont crowns point 
either to Merychippus or Anchitherium, but the stage of development of the 
coronal pattern approximates most closely that in the latter genus, being a little 
more advanced than in Mesohippus. 

RHINOCERID^E. 



The Manus and Pes. 

The characteristics of the pes of Hyracodon from the lower White River l>eds 
have been fully enumerated by us. 1 They are principally as follows : cnl>oid 
not supporting astragalus anteriorly ; lateral digits reduced and not spreading ; 
eetocuneiform not articulating laterally with mts. II. We may subsequently 
find that the feet of the later species of Hyracodon varied in some of these re- 
*j«erts although this is not probable, owing to the fixity of foot-types once 
*-*tabli*hed. We have, however, no present means of distinguishing between 
the Metamjfnodtm and Aceratherium foot-bones. 

On page 169 of the first Bulletin a high, rather slender tarsus was descrU>ed, 

* See Scott. E M. Museum Bulletin, No. 8, May, 1883, p. 19. Also, Osborn, Mam- 
malia of the Uinta Formation, May, 1889, Part IV. " Evolution of the Ungulate 
Foot," p. &49. 
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which probably belongs to the Acrralturium or the lower IntU. Il difitr* 
irftfj iti ti> proportion* from oilier 'iiccum-uit found in thia cuUectin*), vtuth 
belong either to thu ,4i:iM'at/icrtutn or Itii' higher Wis, or to lfrfitin*w)4ni. The 
beat prraervcd upeciuieu uf thi* i 
(murkitl «■) i. comparatively abort and Irai, 
with aprcwJiuji dipt* and nignea 
UiiiHtihir fttluchtueiit {Finnic 12). TW |«n- 
jHirtinus uf the un-UpodinU to tltc teraab at* 
•tuiiUr lo those in Cimlnrkinim, TV) <■ 

hae a powerful tuber; Lbceetalai 

very convex; the auaiunuieulum i 

it* oval facet it continuum » 

Hi.' ntuCU facet ia nearly h 

MM fifth <>f the Mlr*i»lur reel* apot 

Tin- mhitiona of thf rulxml, buii 

cuneiform rrpnat tboen obatnad in 

Tin- mutucuni-ifurni ia n-ry abort, giving Ma IL 

a wide articulation with the ocloeniM-ifira. TW 

metiitoml* an- jiowerful, the Utral pair batiaf 

appmiinuitely the mine, length m in AT. tUk-v 

Thi. Itjv of foul ia relaUd dirwdjr lu Oat at 

Aphthy 

Tln-mnriil-ilhd pee of i ill id 
«*)»!n>w wvenil itilemetltuj duTt 
I---, the mrlatenaU an- of the 
hut the eidcnneu-cuboidal fMsl ta »MioB' 
uuii in H'jracot/on, aim iue punieniacuiwu ia very wnaii. 
iirpiia alio w tlmt the apecien to which tbU specimen belongtd 
■i'il fifth dijjit, eon at it uti up, a functionally tridactyl manu*- 
The evidence fur thin ia in the xreally reduced lunar-magnum facet, which w 
invnriiihly clianiettrirtic of triductylinm. 1 

It muy Iw noted here tlmt mutiny the coqwla of Titanotktrium there u a «*h 
pri'wrnil 1 ii N ii r, u hiih lim ita magnum facet much reduced anteriorly, ai> tarn 
ia liltlt- nueMiun tlmt we ahull yet discover ■ triiiactjle ipeciea of Um genua. 

The Rhinoceros Molars. 
The pcculiaritiea of the molnr* of Aphrtopi will be made more clear by a fr» 
otnerviitioii* li[«ni the molura of the rhinoceroses in general. The three sua 
eruata of the lophialotil crown may now lie distinguished in part by term* whxi 
eiprow Ihrir homologies with the elemenla of the aextuberctilar superior aae 
quad ri I iila-reiiliir inferior molar* of the primitive ungulate, Pknuwriui. Ia lb 
up|»r uiiihir*, the outer treat ii formed by the union of the primitive |> 

a Formation, p. GST. It la poaaible that laaat 
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and metacone, to which in joined the anterior pillar (see Mttohippm, p. 88); it 
may be called the tetolopK. As the anterior crest in formed by the union of the 
protocone, protoconule, and paracolic, it niuy be termed the protoloph. The 
posterior crest, which unites the primitive inetacone, the metaconule, and the 
bypocone, may be termed the vutalnph. The 
outer surface of the ectoloph in the priinit' 
molar of the Rhinoceros is marked by three 
vertical ridges corresponding to its three prim- 
itive component elements, me, pa, up ; one or 
all of these disappear in the flattening of the 
turface. It will be observed that nothing cor- 
responding to the 'median pillur' of the su- 
perior molar of the horse is developed. .In the 
lower molars (the paraconid disappearing), the 
anion of the metaconid and protoconid forms 
the anterior crest, or mttalophid, while the 
hypnconid and eutoconid unite to form the 
kypolophid. Fioi'KR 14. — Superior molsr of 

The secondary enamel folds, which are de- S^lVuT.^^lle!'" J X *' **** 
veloped from the three crests, bear a most ra- 
te rmting analogy to those observed in the horse series, beginning with Proto- 
kippHt; they are outgrowths of the same regions of the crown and subserve 
the saine purpose. They are moreover of like value in phytogeny. The useful 
descriptive terms introduced by Busk, Flower, and Lydekker, should be adopted 
in part. 1 These secondary elements consist, Grot, of three folds projecting into 
the median valley, one from the ectoloph, the tritla; one from the protoloph, 
the crocket; one from the metidoph, the antieroehet. Secondly, the ecto- 
loph unit's with the posterior cingulum and metilLoph. Thus the anterior and 
posterior valleys may be cut off by the union of these folds into from one to 
three 'fosaettes,' precisely analogous to the 'lakes' in the horse molar, except 
that they are not tilled with cement. 

The accompanying diagram is taken from a fossil molar figured by De Blain. 
villa. (Osteogr. Gen. Rhin, Plate XIII.) It is remarkable in exhibiting all 
the primary and secondary elements, for they are very rarely combined in a 
single tooth. Simitar accessory folds are frequently developed in the lower 

1 Tbe terms ' protoloph ' and * metaloph ' are, however, aubstltnted for ■ anterior 
collii ' and 'posterior colli*' of Lydekker. The term 'anterior pillar' — '8rtt 
roata,' and ' parscone ' = ' second costs.' The mode of evolution of the 'pillar' 
must have been similar to that in the hortea, where Lydekker haa proposed thia 
trrm for the ' posterior pillar.' It is very appropriate, becaase the pillar* in their 
earliest development can be shown to rise independently from the cingulam leee 
il-tnkippu*. p. 88), and not aa folds of the main elements of the crown, aa we should 
inter front tlioir fully developed stage. 
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APHELOPS, Cops. 

Tli* generic cnnrnclew of AfHqa Luvi* been Riven hy Oopa m follow*. Dwv 
tltinn. I. *r l i & (» 1'- **"> M* I' |»i*t-tfleuoul and purt-tym panic |m 
in contact lint nut tMaUad; digit*, a-3; iuuuU hunilow. To tbo*> chanc- 
ier* nmy 1* added : iihi^duiu »"l •upjnirtiiur lunar anteriorly ; >Uum «/ ll* 
'c.n-i-i ' |ad liivuruMc |>rtM>iK'« of the mure or Una strongly developed 'rrwhil ' 

■All 'UIItkrUclwL' ill lllH >.ilj-'li..r ln..|.il-, 

'Hi' ..[M'i -iHi: tiurui-uclulure uf Ayhttopi U in ci>iifi;»inn. The tyjie of X (/ij- 
MKtrui) — m i , Laid}-, 1 U a liut Offm molar, nlmh i.rJ.awly wnuLu taiWof 
A. iHfjittixIm ; tli* character* of the milk uiolor BModatnl with lL» ty|* oumut 
It ii->-'1 in definition.* Tile ]«n till mule U|'[wr miliar, tlw type uf H. mtWi- 
.jinn, ],.-ni;,' mm— prwifti in (lm drveloptiiniit "' the two 'crochwto* to tbe mih 
tooth ill A./-ifj<r, Onpa, but llic pwrtvrior ' fowtte ' i* nut encliawd by In* Urs; 
fisii'iiliiuiiM in the latter i|»-d<-_». J (.lffrofArmi»)<wihnn, Uatwli, i» klenlitad 
witli .l./wuijT, ^.oMfatnUiat, Cope, rvwrnlde* A. mriltwiu ■ 
]N»tvri>ir fmwite *ml ihl dwilnp—llt llf ilk, 'cm-tint*.' It w irapoMlir, b>.« - 
•M, to clntr u[» Oil* »ynonymy without bfhsfoy; the urifina) tyna* bu^farr 
(or cumii*in«iii. (Jiinui idmnu;t eristic* ul all ttietc type* are Ui* invaruU* 
il«nl<.|.iiuiit uf lliu 'MDuhat,' iilwnw »i (In.- 'cri-lu,' iuiikI J.ittujuuciit uf taW 
'antknaJiet.' Tli* aped lie naiui'K p rnpajaj by Oopa an brrc aduptal lm» 
Ihtjr an eatabliidicd ui>on a wry raopteto kuowlcdg* of tiie skull a* ■dl *> 
of tin- twill. 

Aphelops fossiger, Cor*. 

Dentition : 1. (. C. (, P. 1, M. | Ft rat premolar simple, conical, aofoetintea 
abwnt ; nmiils nut overhanging pretiiaiillariea ; foramen lacentm ninimai 
continent wilh fomm.-ii nvalc ; occiput brmul ami low ; limb* abort and bulky , 
luiilur* with well i)evi-lii|ml ' crochet ' and 'atiticrocbet.' 

In llu- Iliinrr given by Mar*h (Am. Ji.uni. Hci., tfcL, IH87, p. 3) and by Op* 
(Am. Sat., Ifc-i-., I«T9, [>. 771 r), tbo tliird ami fourth premolar* have U.il, ibr 
'cTinlii-1 ' ami ■ iiriiiirn.il. 't.* Then' 1- nome ground for the «up|m*ilian lhailbe 
akittl lii-rv di'wriU'il ln-litn^> tn n different apn-.ica, aince the 'anlicrochet ' » not 
di-fl»i-il in tin- premolar*. Tlii- reference in tberefiitv pniriiiooal. 

Tin- i« u[>|uinntly tin- nnly npiTi.-« which in rvpreaviited in thio collrrtioo. 
All tin' RpH-iiii<-iin lire fmiii Kiiiink, ami inclmlc scverul ikulli and «ell prc- 
wrviil )■«»»•» rrn'ii idl ]>nri» of tin- iikclftiin, enabling ut to give a couiplett 
deMripliiiii ami i.-Bluraliun of the niiimal. 



■ R.-e F.it. M.n-m. Fanr 



hi. drflniili 



n employe'l the ' Print* ' ripvelapea In Ihl* milk osotar hi 
it. "On the Kittmrt fin*ci« of Khinoccrtldai of Konk) 
i Geol. Survey, Vol. V. No. 3, p. 837. 
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The Brain. 

One of the most interesting features of Aphtlopt is the very Urge size of the 

brain. The walls of the cranium are solid There are no vacuities or air-cells 

in the diploe of the nii'l-region of the brain-case, such as attain from 1 to 1} 

inches in thickness in Ceratorhinv*. Thus the brain is relatively much larger 







Brain of Jphilopifauijfr x |. Lateral view of intracranial cast. 



than that of the recent rhinoceros, and presents a marked advance upon that of 
Actra&trium oecidentale. The bulk of the fore- and mid-brain, or the divisions 
in front of the cerebellum, is approximately as follows : — 

Aceralheriam, 420 c.c. Aphtlopt, 1240 c.c. Ccratorhiniu, 720 c.c. 
The bulk of the entire brain is : Aphtlopt, 1-170 c.c. Ceralorkinut, 800 cc. 
The relative body weight of the two animals can be roughly estimated from a 
comparison of the femora as Aphtlopt 4, Cemtorhinui 3. It thns appears 
that the steady brain growth of the ungulates during the Eocene and early 
Miocene periods readied its 
highest point in some fami- 
lies of the later Miocene, 
and mi followed by a de- 
generation. 

The cerebellum in Apht- 
lipt h "mall and partly over- 
hung by tbe hemispheres. 
The lateral view of the 
hemispheres shows a very 
mark nl predominance of 
transverse sulci, which ra- 
diate from the vertical syl- 
vian fissure, S, so that in the basal view of the frontal lobes the fissures are 
antero-posterior. The dorsal surface of the cart is somewhat imperfect, giving 
an incomplete reproduction of tbe parietal and occipital regions. The superior 




Figure 14 



94 



BULLETIN OF THE 



sulci of the frontal lobe are directed obliquely backwards to the lon^ntu-brul 
fissure, thus reversing the direction observed in the recent ungulate*. 

The Skull and Dentition. 

The skull (Plate III.) is broad in relation to its length, owing to the «ti> rt.n 
ing of the ant-orbital region and the recession of the nasals. The tu.-ir.il.ir:* 
spread very widely for the jwwerful series of molars, while the j*r* j/i./.-».V k;j 
an* slender. The orbit is placed al>ovc the fin*t molar. The n>iA>th are ou 
pressed anteriorly, and extend only so far as to overhang the pre max diary M.icrt. 
A marked feature of the skull in that the upfier surface is in a nearly «tr..:;Li 
line from the supra-occipital ridge to the tip of the nasals, while in .1 m»^i« «•« 
it is connive. The orbit is very slightly overhung by the supra-orbit.d pr-.-» 
The zygomatic arch is deep vertically, but compressed laterally. Th«- ]*-'• 
glenoid process is deep and narrow ; it has contact with the p*M-tyiiij..i!i ' 
variable length. The remarkable feature of the post- tympanic i* it- niiv.'. 
into a broad Hat plate behind the auditory meatUH. The occiput i* br.-ii i: ! 
low, and dors nnt overhang the condyles; it is deeply cleft in the nieiiuii !:"- 
On the lm^e of the -kull, the foramina rotundum ami spheno-«iri it.il- are -■■•♦ 
11 uin t, as observed by (\»|>e. The foramen ovale in either contbu-iit «uli •■: 
separated by a .-lender ridge of bone from the foramen lacerutii iiifdium. 

The m <>l his and j>r> /n«*/»i/s an* remarkable for the extreme flattehiti.' »f -•" 
outer hUliace of the ccLolnph, all trace of the three vertical ridge- h.t\i:i.'*I k 

appeared. The first premolar i* « -::<;-' 
conical tooth implanted by a t-in-lt- fan.-. ' 
is apparently inconstantly dc\r!..j*»l. ! ' 
Marsh 'maker* im mention of it u. ! :• 
sciiptiou cf «*l (•'■■»i' , ii#i)_/ «• y i 

ji ii -.rl •*-> of tlii- pr«>t«'l-'i'li ii 1 'i.i ' ' • 
by tin- ' i ■!••• I.i t ' m y,n s .ii. i y ' : 

the Illfl i.ltl > ..!!r \, ,1^ Ml .| . r !'■'. ■ 

fourth prviii-'i.ii i ■-- • ml -I- - t ; « i ■' • 

ill the n<>li-li-\ ' I'l'lin • t <■! t!.» ' . v 
Tin- tin* inol.ii « .it • i-h it i. !•■: i/. • : 
i\ thi- eoli-t sii ii-'h of th- j:,!,. r ; 
t!n- j-; . »•. .*. •*•!! ilit-i a -fj. ,j ,i. . 
! • h« t.' u 1 •< h in m l riirl : : -. : :'■ -..:'. 
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The Skeleton. 
(Plate III.) 

VerUbrm. — The atlas resembles that of R. unicornis, with extremely broad 
transverse processes. A well preserved axis has a low tuberosity representing 
the spine ; there is some doubt whether this is the normal adult condition, al- 
though the absence of the spine would accord with the low occiput and hornless 
nasals. The cervical* 3-6 have deeply opisthocoelous centra, rather high and 
narrow in proportion, with powerful zygajwphysial processes. The inferior 
lamellae of the transverse processes project downwards and forwards, and ex- 
pand very slightly at the tip ; the width of this lamella increases somewhat in 
C. 6 ; the superior lamellae project opposite the vertebrarterial canal. The sixth 
and seventh cervicals apparently have slender elevated spines, in the remainder 
the spines are low or tuberous. The centrum of C. 7 is subcircular in front 
and broad posteriorly. 

The dorsals are represented by a number of vertebra) in the mid-region. The 
centra are laterally compressed with distinct keels ; the zygapophysial facets 
are very small and horizontal ; the metapophyses are well developed. The 
length of the spines in the anterior dorsal region was apparently as in R.javanus. 
No lumbars are found in this collection. 

Fore limb. — The scapula is very short and heavy. The general outline is 
triangular ; the glenoid bonier is concave ; the coracoid bonier is convex ; the 
superior border rises to a point above the spine; the upper third of the spine 
shows a very stout recurved acromial process. 

The humerus is remarkably short and heavy, and is distinguished by the un- 
usually elevated position of the deltoid ridge, which is much higher upon the 
shaft than in the recent rhinoceroses. The tuberosities are heavy and sessile ; 
the external condyle is unusually prominent. The ulna has a deep, ]>owerful 
olecranon process and stout trihedral shaft, which is suddenly compressed in- 
feriorly for the cuneiform articulation. The proximal and distal faces of the 
radius are subequal ; the shaft is very slightly arched and closely united with 
that of the ulna, giving this segment a very massive appearance. 

The structure of the manus is in keeping with the short and heavy upper 
segments ; it is broader and more powerful than in any of the recent rhinoce- 
roses. The three short, widely spreading digits are faced by rugose areas for 
the attachment of powerful muscles. Mtc. III. is much the largest; the lat- 
eral metacarpals, II. and IV., are short ami directed outwards; the phalanges 
are short and wide, especially the distal series. As in all tridactyle forms the 
carpal displacement is extreme; the scaphoid covers the whole upper surface of 
the magnum anteriorly; the lunar is rather small, and rests anteriorly wholly 
upon the unciform ; posteriorly the pivotal process of the magnum supports 
the lunar; the cuneiform is high and narrow. The trapezium is missing in 
both the carpal series before us, but is indicated by the usual facets upon mtc. II. 
and the trapezoid. The magnum is broad and quadrilateral. The unciform 
has an unusually wide mtc. III. facet, and is vertically compressed. 
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Wind Jimfc — There Is a complui* Ml innominate 
character* of the pdvit. The uppwr «.urfooe of the ilium, unlike tiiat -J i m<~ 
r/ii»iM, Id nearly tint. The mpm-ilitir border i« oveidy unlkcj, 
lmliiul uttd MlUltrTlllT bonier* are. of approximately tlie mim Inigtlt, 
i* unuatially symmetrical. The ischium ami pnbiiarv in a pJi 
to that of the iliiiiu; tlic pubic ayiiipliyM. in »hort; thn o Intra tor 
an elongate uvnl, The. tulter-itwrliii i- nut very prominent The border 
tnj( from ilitt tuber to the symphysis is evenly rounded 

i'he/™«r k relatively bflgB ami BOH slender than the hnnsrrna. harrr; 
tin.- lurui mid proportions observed in (.Vuftrntniu Tbeerral ln«liaiiler Maaaa 
out widely ; liduw thin tilt- shaft it of a broad flattened section ; lb* baser In* 
chanter MMW » long low riiljji! ; the third trochanter ia only half a* pc-nt- 
ncnt a» in the recent rhinoceros, anil i.« not recurved, The nftwi i* rbanrttruH 
by a marked u«y mine try of the tuberosity ; thr internal niallmliaa ia nat nr-sai- 
lii-Jit ; llic popliteal s|jui:b in deeply elen valid ; tlir KSIMiralir [arrta an tliatlua. 
TUv Jili itl'i j« uf ihi< ■anii- proportion* n* in the recent rhinurrnn. 

The HMat i» utm.uolly short and spreading. Thn n»tr*j-»J<v tibial (ae*t» 
flattened laterally, and Am little fore and nil play; the ertal and nurlaatm 
lar facet* on- cither confluent or slightly separate; the inferior b distinct aaJ 
: ■■]■ .1 f .j.c ■■ ; thr eulHtidnl facet )» extremely brnad. Tile cubuid i* shall"*, *■,'■' 
Mlbetmid calcaneal and aalmgnlar facet" ; posteriorly it artirublea with b*l 
tlir navicular and ccloc unciform, anteriorly willi the latter only; it haw a rwr 
deep posterior honk. The presence of the rntoriincifbrm I* indicated hr tb 
articular facet* for it. The tnesociineifr.nn U narrow and deep. Taw adar» 
ueiforrn ia very broad; lbi« bone and the navicular hart the (au» i ji iiajar ti aat 
m in the rhinoceros. The middle dipt 1- much (he lurput of the tart*. *W 
Mv. ill. lias a considerable cuW.Tal Ami. 

Tin! following measurements are miule from specimens which belong to dif- 
ferent individual*, a, b, c, etc.; they therefore cannot be used in estimating tit 
exact proportions of the different |uirt*. The proportion* have, however, Vera 
vjry carefully detennitied in the accompanying restoration of the skeleton. 

Mf.ahi'rf.men-tb. 
Skull, 

Spec, t. Total length, sagittal crcut to end of nasal* V 

Iln-mllli, outside ttprrtnatir. arches J* 1 

" [Vpth, ]a-ntiltiinnte molar to top or cranium * 

" Oreipiit. diameter or, tronarrme, ,2<Wm. ; vertical .1C 

Kr-n. occiput lo anterior end »f orbit ,M" 

" Autero-po-lerior, diameter midiir- premolar aeries (pm. 115 m., 

in. I»i hi.) * 

" Iliiinitier lin-t molar, antero-porterior ,087 m,, transverse . . f^° 
Si-coml " " .!«« " . . . Jfi° 

thin] " " J»B " . . . J** 
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m. in* 

Spec. s. Diameter fourth premolar, anteroposterior .045 ; transverse . .065 

u " third " " .035 " 

" " second " " .028 " 

u " first " " .017 " 

" Lower jaw, length, angle to front of canine 

u " depth, tip of coronoid to inferior border . . 



.050 
.032 
.017 
.470 
.295 



Vertebras. 

Spec. h. Atlas, greatest width, .356 m ; greatest depth 100 

Spec. pp. Axis, greatest width, .18 m. ; length of centrum 090 

** " " depth, spine to base of centrum, estimated . . .140 

Spec p. Fifth cervical centrum, antero-posterior .074 m., vertical .068 m., 

transverse .076 m. 
Spec o. Twelfth dorsal centrum, antero-posterior .075 m., vertical 

.055 ni., transverse .058 m. 

Appendicular Skeleton. 

Spec, c Scapula, vertical diameter, approx., .295 m. ; glenoid cavity, ant. 

post. 900 

" Humerus, length of, .308 m. ; breadth, head and tuberosity . . .155 

Spec. a. Radius, length, .285 m.; breadth, proximal, .093 m. ; distal . .098 

M Ulna, greatest length, .36 m. ; sigmoid facet to cuneiform facet .295 

u Carpus, greatest transverse diameter, .130 m. ; ditto vertical . .057 

" Mtc. III., breadth . . .070 m. ; length 116 

u "II. " . . .043 " 100 

" u I. " . . .040 " 092 

Spec e. Left innominate bone, diameter, antero-posterior 495 

** Length of pubis, .185 m.; of ischium, .20 m. ; of ilium . . . .340 
Spec/. Femur, length of, .46 m. ; diameter, head and great trochanter . .165 

Spec. g. Tibia, length of, .37 m. ; width, proximal 140 

Spec, q and r. Tarsus, tuber calcis to distal facet of mts. III., approx. . .220 

u " transverse diameter 108 

Second metatarsal, length 088 



« 



Restoration. (See Plate II.) 

The restoration of Aphelops fossiger confirms Cope's statement that the pro- 
portions of the animal were rather those of the hippopotamus than the rhi- 
noceros*. The body was long, the chest deep, the limbs and feet short and 
Uftttive, and supplied with powerful muscles. The skeleton is about 9 feet 
lu&Kaml 4 feet 6 inches high. Thus Aphdops presented a wide contrast to its 
klli comparatively slender predecessor, Aceratherium, of the lower Miocene. 
The increase in brain capacity shows that its nervous organization kept pace 
*ith it* general muscular and skeletal development. We may infer that the 
tttinction of Aphelops was due to climatic changes, rather than to any defects 
** it# internal organization, because the brain, teeth, and feet are, in themselves, 
11 adaptive as in any of the present persisting types. 

▼olxx. — wo. 8. 7 
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ipamsos wrrn Acriuthkku* asd Rhwocucs, 



pre i" nothing, however, which prex-ludiw the »upprMti»n Ibat Uw ft man 
can |0*w ninl »p[«nr Miocene Aceratheria are genetically rvlatnl. 

All portion* of Ihi> nkiilnhiii of A. oceiiUntaU are iww known to iu, urept:w 
the wBfiula, pclvin, ami doiwlumlwr vprUdirnr; lh«y indicate an annual in Lk 
-uimo stage of oki-lftal evolution on the recent Upir; the proportion* an pndi- 
adly wniilar; the dUplacnnienl nf the carpal* ami Ureal* M in a 
•time, The mode, of progreaainn ww nlw) probably niiuiUr, for all tbe 
facet* ninl protuberance* for iniucular aUachment present " 
of rewmhhtnee. Cope 1 liral pointed out the Upir rcmiibtanv 
M|M>cially iu the •eparnlioji nf the I'urnniiiin *pbcuo-orhilalc and rot out an mlt 
ami foramen laernim inLilium; the arrnr»,tion of the ptnt-gb-noiil aiul [i4 
tympanic ; ami the form of the femur, i have »hnwn that thb TMuMoet 

applic* to the ciirpiw * mid tnrmu ; U [i i true of the bunirnu and bran, 
ami of the ntlua iui<l ail*. The remaining corvicsJa are widely dEOarant ; k » 
probable, also, thut the pelvl* and ncupula were different, Thia is gfnw 
Miuply nu luittAuue of functional ami xtniclural pantlleliam. It fallow* that* 
enumeration nf the ililfer«ne»«» between the recent Upir and riiuumrrua wwil 
aluu umbrae* the majority of the feature* which di*ttugui*h Aemtktnum fa* 
Apktlopt, for the latter i» In moat reopcU a fully developed rhinaoowa, 

Thua, if the dr-cent from Arrmtittrium to AjAtlojm touk plant, it wa» ana** 
paniodby wiJ.— prwul luodillcati.ineof tlie tkelaton. In Ap/wtgf ■.■aaiqW" 
liii'l a probable tnuiMtinn icpeclo*. Iu proportion* ar* more intermediate. TW 
narrow elevated occiput, the lew degree nf H-paralinn of the fonaiina .J u> 
ikull, tho Inphodont character of the tirot upper premolar, the (mull iW'-if 
tnent. nf the 'nnticrochet' in llin lupcrinr molar*, — tho* char aetata aB p** 
toward* Attriithn-ium. 

A /aMiijtt i- a highly modified form, with iU broad occiput, *ini|J<- fint ]•* 
molar, and confluent cranial fonuninu. In many mjHTU the rir»lin- »t»e»n 
exbibiU an "imply »tcp* towurda the recent rhinocen« type; fur c.iauipV. » 
tridartyliim, the axtrana 1 1 i. placement tif the podiuln, and the character* Jtk« 
■pina) column, llul (here are many point* ill which Apkdopt diffir* fm* l*» 
recent rbilioceroaen; namely, the *nb- triangular *ha(ie of the nrapuU, lb* "*? 
elevated position and «eMile character "f the deltoid rfalu^ of llie bum*ra*.tfci 
•preadine mami», the o»nl ..l.tiirator foramen, and ibe ci-mparatlvrly ferlfc ik* 
vclopmcnt of the third trochanter. The marked peciiliarily of the «pf*7 w** 1 
i« the development of l«th the 'crochet' and ' aiiticrochet.' ntid ahaetieaaf •*• 
'cri-U.' Thii com 1iiimtii.il i. tOJ di-tinclive, nince all the livinn rhtn««r** 
pn-"tit --r.itiMintioin'.f (tip 'nnticn>rhel'nnd 'cri'ln.'* The molar* of AfM0 

■ Rati, r a Omi. Su« .. Vol v Vo. 3, p , W r, A l n "On G>b>n Aaww" 

HI, in- .■<;■.— im,l their AHIh." Am, HiL, Dm, 1879, p. 771 c. 
' fl.t.nrn. " f>«i«t!nn of tlic I.'mrnlnte I'ool." Mem t'lnla Matnm.. p Ufi 
• See ITowar, " Ob Mime Cmniil and I>rnlal Character* of tlw EalaaMf •r**' 

of lllllnl«eeo•e•. , ' IVoc ZllU. Roc., lH70v 
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resemble in this respect those of R. tichorhinus. Briefly stated, in all living 
forms the protoloph is simple, and the accessory folds are developed, first from 
the metaloph, then from the ectoloph ; while in the known extinct American 
forms the ectoloph is simple, and the protoloph develops a fold to which a fold 
of the metaloph is sometimes superadded. 

In view of these facts, together with the numerous divergences in the skele- 
ton, there is strong corroboration for the opinion advanced 1 by Scott in 1883, 
that Aphdops should not be regarded as ancestral to any of the recent foreign 
tpecies, but rather as the last known of an extinct American series. The ques- 
tion is still an open one whether its distribution was confined to this continent. 



CHAIJCOTHERIOEDIA.' 

CHALICOTHHRIUM, Kaup. 

Specimens of this genus are rare in American formations, and have not as yet 
been reported from the Loup Fork. Marsh • has mentioned the occurrence of 
H in the John Day Miocene of Oregon, and in view of the discoveries of Forsyth 
Mijor and Filhol, it is altogether probable that the foot-bones from that for- 
mation, which Marsh has referred to the Edentata under the names Moropus 
distant and M. scnex* belong to the same genus. A third species of the same 
genu* is announced by Marsh • from the Loup Fork, M. elatus, which is prob- 
ably represented in the Garman collection from the Loup Fork of Nebraska. 

Chalicotherium elatum? Marsh. 

(Syn. Moropus elatus. Marsh.) 

Tie specimen is a portion of a right superior maxillary containing the third 
«ad fourth premolars and the first molar. The premolars have a flattened ecto- 
loph connected by two convergent crests with a large internal cone which is 
deft at the summit ; the base of this cone is surrounded by a strong internal 
dngulum. The ectoloph is worn by two symmetrical incisions alternating with 
the transverse crests in the third premolar, but in the fourth these incisions are 
ttpnmetricaL The first molar is partly of the Titanotherium type, with its 

1 E. M. Museum Bulletin, No. 8, 1888, p. 17. 

1 GDI, Arr. of the Fsm. of Mammals, Smithsonian Misc. Coll., No. 230, p. 271. 
Tbii order was properly defined by Gill, but was erroneously placed among the 
Aniodictyla, owing to the reduced condition of the superior incisors. Filhol's forth- 
^flting memoir upon the Mammals of Sansan will probably enable us to determine 
fcpbylogenetic relations. 

1 American Journal of Science and Arts, 8d Series, Vol. XIV. p. 802. 

4 IbkL. pp. 249, 250. 
1 Ibid., pp. 250, 251. 
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I. Introduction. 

the suggestion of Dr. E. L. Mark, I began, in the spring of 
. the study of fresh-water Bryozoa. While at the Laboratory of the 
:«l States Fish Commission, at Woods Holl, Mass., where, through 
indness of Mr. A. Agassiz, I had the opportunity of spending the 

Contributions from the Zoological Laboratory of the Museum of Comparative 
gy, under the direction of E. L. Mark, No. XIX. 
ol. xx. — no. 4. 
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following summer, I gathered mast of the material Tor this stud 
found aii excellent place fur cuUeotlon in Fresh Fond, Falmrath, wkm 
Fred one* 11 a and l'luinutcUa frcrc also gathered. I'pon my flrat vieit te 
thi* pond (July 5th), I ftlwd- at Us outlet Cristatella etcevdiofty i 
diuit ou tho leaves of ■ the pond-lilies. A mouth later, the hum locality 
yielded very few apucgnoiiH ; but about September 6th I found 
plentiful again, ^a'ud- at the sums time noticed tho phw&MMMs dssmbaa 
by KriM-'pulin and- liy Ilrnutu, — tbnt Dome of tho ststuhhuU of Pit 
tulla bad already hatched. Colonies of from five to twenty inuWlual* 
wore observed with the two halve* of the statoblnat dill adhering t« 
their, hasps; A few colonies of Cristatella were also gatliand m tU 
lu.tt.-r .put uf August from Trinity Lake, New York. 
. 'If-he material collected wan killed with a variety of reagent*. Cold 
/-cjttfoaivu sublimate gave the bent results. In staining, I »!••_>. f ,....: 
■'■.t'wker's cochineal the most satisfactory dye fur the stud/ of tits 
embryonic cells of the bud. 

As llmidoii ('83, pp. 63tl-61li) bas reviewed the root* important part 
of the bibliography of budding in I'hylactoUemata which had b-a* 
published at tho t.inio of his writing, 1 shall be relieved Ainu ftvmf 
here any extended historical aceount of the earlier rvasarchaa TW 
ooutributions of Kitsch* ('75) and Hatacbok (77) an wall hwiwa 
Iteiubard has published a preliminary article ('Hi)*, 'HO*) oa this tttbjart 
in ths Zuologiachur Anwigor; but his two more imp. atom papm 
('82 and '88) I have unfortunately not seen. Braem's ('88, '89*, ani 
'811*) three preliminary pajiors concerning budding in fresh-water Bfj 
ozua correct some erroneous statements of Nitsche, and support Hal- 
Nchek's view of the origin of the polypide. The results at which I 
have arrived concerning this last problem are similar to those d 
liracm, but his work has apparently been done chiefly on AleyoorlU 
mine on Cristatella, Finally, I believe there will be found in this psptf 
something new on the organogeny, which Hraem docs not seem to hsn 
CNjK'dally studied, and which may be of general morphological luipor- 
tnnee. For these reasons, it has seemed to me desirable that 1 should 
publish my ohm nations and conclusions, and I am the more incline! 
to do so Iwenuso mir views arc iiot in all points the same. 

In the matter of nomenclature, my studies have not led me to i 6mI 
conclusion as to the homologies of tho aios of the individual, and tbm- 
fore 1 fall buck by preference on nun committal terms. The individuil 
is bilaterally symmetrical. Parts nearer tho mouth end of a line joibiM 
mouth and anus (I c. nearer the margin of the colony) will be d**»" 



I 
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nated "anterior" or "oral"; parts nearer the anal end, "posterior" or 
"anal." To parts nearer the roof of the colony will be applied the 
term "superior," or "tectal"; to those nearer the sole, "inferior." 
Parts situated at either side of the sagittal plane of the individual are 
"lateral," and either right or left, — the individual facing the margin 
of the colony. In naming organs, I have preferably used the terms 
employed by Kraepelin ('87). I adopt the term polypide simply be- 
cause it is a convenient name for a number of organs closely united 
anatomically, and arising from a common source embryologically. 

EL Architecture of the Colony. 

The colony of Cristatella, as is well known, consists of a closed sac, 
which is greatly elongated in old specimens, and has a flattened base or 
" sole," and a convex roof. The wall of this sac is known as the wall 
of the colony or cystiderm (Kraepelin). Suspended from the dorsal 
wall, and hanging in the common cavity of the colony, which may be 
called the ccmocad, are to be seen numerous polypides in different stages 
of development. A more careful observation shows that the polypides 
lying nearest the median plane of the colony are the largest and oldest, 
those nearest the margin, conversely, smallest and youngest (Plate I. 
Fig. 1). All young colonies of Cristatella have been derived from one 
of two sources, eggs or statoblasts. According to Nitsche ('72, p. 469, 
Fig. 1), there are two polypides of the same age first developed in the 
eystid, which is a product of a fertilized ovum, and regarding these he 
rally agrees with Metschnikoff's ('71, p. 508) statement, "Die beiden 
Zooiden entwickeln sich wie gewohnliche Knospen." 

Nitsche ('75, pp. 351, 352) observed that in Alcyonella the primary 

polypides are placed with their oral sides turned from each other, and 

that the younger buds arise in the prolongation of the sagittal plaue of 

the older polypides, and from that part of the eystid lying between the 

(esophagus of the older buds and the margin of the colony. 

As Braem ('89 b , pp. 676-678) has shown, there is but one primary 
bad in the statoblast embryo. The younger buds formed in the stato- 
Wut arise on the oral side of the primary bud. 

In Cristatella, says Braem f88, p. 508), the newly hatched stato- 
Nut embryo already exhibits to the right and left of the adult primary 
poWpide two nearly complete daughter individuals of unlike age, which 
** generally followed by two other sisters in the same relative posi- 
fatu, and a fifth in the median plane, — oral with respect to the 
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mother bud. These Inula may produce i 
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colony has attained tW size of a pea ; then young bads arise enal 
wurds of the primary polypide, mid a* tlio margu. of tho ■ailoar M s*» 
traded on each side of this point, the radony Itnconim he«rt-*h»f-i 
Tho two upper lobes of the heart are region* of great reprudoctiir 
activity ; they separate from each other, and thus transform the batrt 
shaped colony into an elongated one. Through the heaping ti<rtb*T 
of buds effected liy this process, a mispro port ion botwrco the »n» 
(Fliichcnraum) nnd tho circumference of the colony mult*, and tW 
buds, which lie in longitudinal rows, soon come to b« crowded. After 
this, thoy each give rise to only two daughter bud*, a lateral and a 
younger median one. 

To these observations of Ilraem I have little to add. t have figurvd 
(Pluto X. Fig. 88) a young colony of ('ristatelln, containing abuut thirty 
polypides. This was token in the latter ]»rl of July, and is prabsM* 
an egg colony. My reasons for thinking so are, that the staUtbhssts <d 
tho preceding year form colonic* in the early spring; that sliliialaati 
of any year have never been seen, like those of Alcyouulla, to hatch » 
the fall; and that there are, occupying the centre, two fiolyradrt ■/ 
very nearly equal size and development, and pmhattlv tbarafbre «** 
nearly equal age. Surrounding these nro eight youngw indindaala. 
nearly equal to each other in site, and those are in turn followed hy t*a 
generations, of thirteen and seven individuals respectively, — the last 

Ah Kracpclin ('87, pp. 38, 139, 1C7) clearly states, the CnttateOs 
colony is comparable with those of Pectinatclla, I'lumatella, etc., and may 
he derived from them by imagining a condensation of those branchiae 
colonies. The radial partitions seen in Figure 88, di sen. r., Plate X- art 
thus homologous with the lateral walls of the branches of a PluroatrlU 
colony ; and just as in the latter, bo here young individuals arise near 
tin' tips of the branches, and the older individuals degenerate. Asia j 
Plu mat el la, young individuals are produced not only dieted of older, bat j 
also kterad, thus founding new branches, so in Cristatolla we find yoonc 
buds having tho same position*. These facts will be better apprrewt^ 
by a reference to Figure 1, which shows a portion of the margin of 
mature colony. It is here clearly seen, (1) that, as has long been knows, 
the youngest individuals are placed nearest to the margin, and tfe*l 
therefore, as one passes towards the centre, one encounters SttooMfflSy 
older and older individuals ; and (2) that, as Kraepetin ('87, Fig. 134) 
already figured, the older individuals are arranged in a quincunx fssbi 
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The bit of the margin figured may be regarded as typical, not only on 
account of its symmetry, but also because of the fact that the youngest 
individuals are placed at the normal distance from the margin. Al- 
though I have seen these conditions 
repeated in enough instances to assure 
me of their normal nature, yet, owing 
to a crowding of polypides, both among 
themselves and to the margin of the 
colony, and also to the consequent dis- 
placement of polypides, the appear- 
ances which I am about to describe are 
often obscured. 

First, the interrelations of the indi- 
viduals included within compartments 
1-8 are exactly repeated in compart- 
ments 9-16. The same repetition 
holds true for the remainder of this 
' side of the colony. On the opposite 
side, the number varies from six to 
eight. At the ends of the colony, 
owing to crowding of individuals, it is 
difficult to count with accuracy. Since 
all individuals are derived from pre- , 
ceding ones, the conclusion seems rea- 
sonable that the inhabitants of these 
eight branches were derived from a 
common ancestor. It is interesting 
thiit from each of these ancestors the 
name number of branches and an 
almost equal number of individuals 
are produced, and that the correspond- 
ing individuals in each of these fam- 
ilies, e. g. Figure A, 4, 5 and 12, 13, 
and 7, 8 and 15, 16, are similar in 
p«ition, and of the same stage of development. 

Secondly, most individuals figured have given rise to two individuals ; 
Mas, on the contrary, to but one. Of the two individuals produced, 
"» (the older) passes into a second (new) compartment, and so forms 
1 K* branch. The younger, however, remains in the ancestral com- 
partment, and thus continues the ancestral branch. See, e. g., individual 
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4, 5, of Figure A. The bud* which giro rise to uew 
be called Literal bod*, in accordance with llrtieni'* 
wlin.li prolong the ancestral branch, median bud*. What* «alj sm 
individual arise*, it in a median bud. TbeM conclusions regarding tfe* 
relationship of bud* are baaed solely upon the length of lb* radial par- 
titions, the inner extremities of which correspond to Uw angle (urnwU 
by two branches in branching genera like 1' Kintal el I a. 

Thirdly, while the lateral bud*, Figure A, I, 3, nod 13, 13, give m 
direct lj to new buds, median bud* of the witno or younger Bgs, 6, II, ban 
moved to a NPJUmMi distance from their mother bu-1* before givm* 
rino to new individual*. The effect of ihi* is, that the median bod 
comes to lip, not alongside of the lateral bud, but in a quincunx posit** 
relatively to it. 

Fourthly, lateral bud* (branchos) may arise from wither axle uf uV 
budding individual. Although moat of the branching in tlw part of 
the colony figured in the cut t* to tho right, yet tlw yuungeat lateral 
bud* arc being given off to tho left, So in compartmsaita 4, 6, T, 13, 
the funiculus indicating the point where the median bud will aria*. 

To recapitulate : Tho descendant* of common ancntur* an arranged 
■imilarly in the sama region uf the colony ; a lateral and a median bad 
may art** from a single individual, tho first forming a new bratacfc, tie 
latter continuing the ancestral one ; median bnda migrate towards Um 
margin before prod lining new bud*; and new branches an formed cs, 
either side of tho ancestral branches. 

m. Origin of the Individual, 
Two essentially different views of tho origin of the polypide in tb* 
adult colony of Phvlactolscmota have been maintained within recent 
years. The first is that advanced by Nitsche ('75, pp. 349, 352, 353), 
and adopted by lioinhard' {'80', p. 211, '80*, p. 235). According to 
these authors, tho outor of the two layer* of the colony-wall gives has, 
either by a typical or a potential invagination, to the inner eell layer of 
the bud, — tho layer from which the lining of the alimentary tract and 
the nervous system both arise, — and pushes before it the inner layer 

1 ReinhaH layi In hli preliminary article, " Mainer Metaung each intwhSih 
•ich ilie Knwpe In FoIrp rincr VerdickuDg del Kctoderrai, la wrlch* Sana *» 
Zrllrn ilea Kntodernu eitiilrinavn," hut Ilramlt'i *b«tract of the paper raaul bj ■>■> 
lianl l«fore 111* Zn-loirlcal Srclion of Hie ltimlan Auoclatjon. place* eolodma 
fur n-torierm, anil nrr mm, — a rendering more In aeeordaDoa with lUiaaarfi 
* ia the cootait. 
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of the colony-wall, which thus becomes the outer layer of the bud. 
Hence the buds arise independently of each other. 

The second view is that advanced by Hatschek f 77, pp. 538, 539, 
Fig. 3). lie asserted that iu Cristatella " Die Schichten der jiingeren 
Knospe stammen von denen der nachst alteren direct ab." Finally, 
Braem ('88, p. 505) agrees essentially with Hatschek, and believes that 
a typical double bud, although it does not always appear, is the funda- 
mental condition. His preliminary accouut clearly shows that precisely 
the same condition of affairs, except in so far as modified by the less 
metamorphosed condition of the ectoderm, exists in Alcyonella as in 
Cristatella. 

A. Observations. 

1. Origin of the Bud. — The result of my own work has been to lead 
me to a conclusion differing from both of these two views, but more like 
the second than the first. By my view, as well as by Broom's, Nitsche's 
two types of single and "double" buds are united into one. I would not 
say, with Hatschek, that the two layers of the younger bud arise directly 
from those of the next older, but that each of the corresponding layers 
of the younger and next older buds arises from the same mass of indiffer- 
ent embryonic tissue. In some cases, each of the layers of the daughter 
polypide does arise from the corresponding layers of the very young 
mother bud. In other cases each of the two layers out of which the two 
layers of the older bud were constructed contributes cells to form the 
corresponding layers of the younger bud, but the cells thus contributed 
have never formed any essential part of the older bud. All gradations 
between these two types occur. For convenience' sake, we may always 
call the older polypide the mother ; the younger polypide, the daughter. 
Figure 3 (Plate I.) shows a well advanced bud (Stage VIII.) which con- 
sists of two layers of cells, an inner, *., composed of a high columnar 
epithelium arranged about a narrow lumen ; and an outer, ex., of more 
cubical cells. In a region (I) on the bud which is near the attachment 
of its oral face to the body-wall there is a marked evagination of the 
contour, caused in part by a thickening of the outer layer, and in part 
by a slight increase in the diameter of the inner. This thickening o 
the wall is the first indication of the formation of a younger bud, which 
is to arise at this place. Figures 22, II., 16, VI. (Plate III.), and IK 
VL (Plate II.) show later stages of buds originating in the same manner 
as that of Figure 3. The mother bud has grown larger, as has also its 
lumen. The outline in its upper oral region has become much folded as 
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. result of coll proliferation, and a deep pocket lias htM formed linea «j 
* layer of cells which are still a part of the inner layer of the awtaw 

ud. The outer layer of the latter has also been protruded by tf* at 

vity of Die iuner layer, and its cells go to form the ou.Ur layer uf tit 
mg hud. Still Another poiul is to lm olwcrvcd. The oeulrv of tin 

aiqg hud has moved away from the centre of the neck of the amber 
d, and thus the t'oriner lies nearer to the margin of the colony than tkt 

iter. Figure 17, VII. (Plate III.) shown a still 
M the development of thu hud, in which it is sharply 
its parent, but its inner and its H"*ea» layers are still in direct 
with the iunor and outer layers ively of the mother. 

I have selected this aeries < . many which wight ban bees 

chosen to show the origin ie, because it is an iiilaimedials 

type between two eitromes, i e try it the oilier cam metis aa 

easy explanation. All cases ol i ig, however, aeeni to e u aJ ma as 

this general law : tho greater the i nice In age between the yonnjest 

and the neit older bud, the great distance between thai poiMa M 

which they begin to develop. ' i .• typical case of a " double Use" 
is that in which two buds appear u w at the same time. They orip- 
unlet, aa Nitsche observed, from a c- ion mass of calls. A cab* of taw 
buds, one only slightly younger than e other, is seen In Figure 5. j!t 
comparing with Figure 3, hi which to. older polypldc is older than VII, 
Figure 8, the difference between the younger buds will be apparrtrt ^ 
the other hand, Figure 4 illustrates a comparatively late formation of 
the younger hud. The older bud had attained a stage corresponding to 
Figure 1* (Pluto III.), but the younger bud is not older than that seen ta 
Figure Tl, II. Just as in the latter case tho two laycra of the older bad 
went respectively into those uf the younger, so in the present oaae a 
direct continuity can lie traced between the cells of the Inner and ouWr 
layers respectively of tho younger and older buds. The evidence that 
the cells composing tho inner layer of the young bud have not arisen dV 
rectly from the ectoderm is derived not only from the continuity of both 
cell In vers of tho two buds, but from the presence of the apparently o» 
modified cctodcnuic cells lying above the inner layer of the young bad, 
and sharply marked off from it. Figure 6 shows a Inter stage of tb* 
snrne tyjsj, in which the layers of tho young hud are aeen well formed, bat 
sidl very sharply separated from the overlying ectodermal cells The* 
wrics afford mi interpretation of the extreme type of budding shown ia 
Figure 2, which is not uncommon. The mother polypide has reached t 
stago corresponding to Figure If, Date III. To the left of the neck of 
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the polypide and towards the margin is the funiculus, fun. Between it 
and the neck of the polypide the coeloraic epithelium is thickened and its 
cell boundaries have become evident. Directly above this region, and im- 
mediately above the muscularis, is a row of cells, which stain deeply and 
show other evidences of being embryonic. These are directly continuous 
with the neck cells of the older polypide, exactly as was the case with 
the cells of the inner layer in Figures 4 and 6 (Plate I.). In fact, they are 
in every way comparable with these. Figures 8 and 9 (Plate II.) show 
slightly later stages. The funiculus has moved farther from the parent 
bud, the future outer layer (ex.) has become thicker, and its cells are 
columnar and sharply marked off from each other. The inner layer (t.) 
of the new individual is represented by a thicker, stolon-like mass of cells, 
which is iu direct continuation with the inner layer of the mother bud, 
from which it was doubtless derived. 

A stage which, on account of the greater distance of the funiculus 
from the older polypide, I believe to be slightly more advanced than 
Figure £, is shown in Figure 9. In the section drawn, the inner cell 
mass (i.) exhibits few nuclei, but they are more numerous in adjacent 
sections. The band of protoplasm connecting this young bud with the 
mother is perceptibly smaller than in the preceding stage. The cells of 
the inner layer form a mass sharply marked off from the ectoderm ; 
those of the outer layer are greatly thickened, as in the last stage. 

A peculiar thickening of what I regard as Nitsche's " Stiitzlamella " 
takes place between the young bud and the mother polypide. This is 
shown in Figures 9 and 10 at mu. It is not stained by Ozoker's cochi- 
neal, and the circular muscle fibres, here cut transversely, are very con- 
spicuous in the midst of it. As I have noticed this appearance only in 
the cases of young buds which have originated like those of Figures 9 and 
10, and of others of about their age, (and it is in these buds and at this 
age that migration from the older polypides takes place,) I believe that 
there is tome connection between this condition of the muscularis and 
the disturbance which such a migration must cause. 

I have already (page 106) referred to the fact that in some cases me- 
dian buds are fonnd far removed from the mother polypide, although 
in an early stage of development. Stage IV. is the youngest in which 
such buds have been found. 

The cells of the mass destined to form the inner layer of the bud 
multiply rapidly after they have reached a proper position, and there is 
considerable protrusion of the coelomic epithelium into the body cavity. 
The fact, that during its extensive migration the bud increased only 
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•lightly, whereaa it now begins to develop rapidly, loud* to th-p pi 
lion that it hits MMd to ungrate, and lift* come to a Mate of cum] 
rant, rolutivu u< ihc surrounding ectodermal oella. 

Ouu of the tint indications of further development i* toon in tin 
arrangement i if tin.- cella of the inner layer, which ks sneta that their 
nuclei come to Us MM tho surface of u honiinphero whoas coovei sals a 
turned toward tin- ceiuiocuil, 'I'Uo beginning of this jiroroaa it m i» 
Figure lU (I'lalo II.), nnd, further pingrrwd, iu Figure 1 1. Figw* II 
eihibita a still later stage lu the development of the pnlypida, li la# 
low it portion of the two-layered nun of thi* figure ft separation of tar 
cell* (/u. i/iii.) has begun. Thin in the tint indication of the auium 

In nil «iw» there exists fit this stage a condition of the ectoderm Eat 
that shown in Figure* 5 ami 14. The absence of ectodermal rella dimtSj 
over the bud may he accounted fur Ivy supposing that they Lava eoes*a> 
lie upon, mid form part of, the Deck uf the polypide. While it would k 
impossible to deny thnt they might migrate through the mil* siasmasf, 
the neck of tho polypide, and thus coma lu form the tternnite eh-earuU, 
a careful study of the auccusaiva Binges figured will not show tb« at%M- 
cst evidence, uf uuy audi migration, nor is it a priori probable, fnan aaat 
ia known of tho action of epithelium the world over, that such ft augr> 
tion would occur. 1 

According to the description of Nitacho ('74, p. 353), then li » 
lumen in the hud of Alcyoiiolln (where the ectoderm fa much kaa met. 
niorplioacd than in Criatatotla), which is always in direct comtnunkatka 
with the outer world, the bud having been formed by a typical in vagi- 
nation. Hrncm ('88, pp. 506, 507), however, mates that he baa new 
aeen in Alcyonclln this communication of the bud cavity with the ooM 
a-orld. In the much more obscure process of polypide developneet 
in Cvmnohi'iiiHtn tho lumen first appears after the cells of that nua 
from which the bud is to urine have arranged tbemaelvea in two ee* 
centric layers. In F.ndoprocta, according to Kitache (*75, p. 374) and 
Seeliger (**!>, p. 170), the lumen arises by a virtual or actual mtag> 

1 Since writing tho nl»ivp paragraph 1 have cut tome section* of liana*** 
in which tliln jirnceu i< much clearer, owing to the absence of secreted bodies is 
the ecliKirrm. Imtcul of n few ectodermal cells dropping down opon lb* apfff 
purl nf the lick nl the polypide. ■• ii the CMO in Cristatclla, ilwre ii a caps lny *' 
Intsgtnalinnnl ilu-it-tudvrtn, which l> quite deep, and thus gives rise to an etoBgaars' 
"neck." That none of (lieao ecliiilermiil colli go lo form any part of the polvsssi 
pr<i|.!T in cerloln in I'lumnlclla. But it ii alio true, tint ectodermal roll* air thai 
incorporsti-1 into the nctk of the polypide, and probably Into the stolon which ft* 
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nation and remains always in communication with the surrounding 
medium. In Cristatella the lumen is formed in the bud at the time 
when its diameter perpendicular to the roof of the colony slightly ex- 
ceeds that parallel to it. As Figure 14 (Plate II.) shows, this cavity 
(/a. gm.) first makes its appearance in the distal part of the central 
mass of cells. There are always cells lying above the lumen, and thus 
cutting off the ectoderm from contact with it. The two layers from 
which, according to my view, all of the cells of the adult polypide are 
derived, are now completely established; and the cavity has already 
appeared which, by enlargement, out-pocketing, and the concrescence of 
its walls, gives rise to the atrium, and the lumina of the alimeutary 
tract and supra-oesophageal ganglion. 

The bud elongates, and often at this time, preparatory to giving rise to 
a new bud from its upper marginal angle, becomes bent or curved, the 
concavity always being next the daughter bud (see Figs. 3, 6, 11, and 
22). By this change in form the bud becomes bilaterally symmetrical 

2. Origin of the Alimentary Tract, — The first organ derived from the 
two-layered sac is the alimentary tract. Nitsche (75, p. 356) described 
the process of its formation in a very clear manner ; but I believe he is 
in error. The original lumen of the bud represents, he says, the atrium 
and the lumen of the alimentary tract The part lying nearest the 
attached end of the bud gives rise to the former ; the latter is derived 
from the lower part of the lumen. These two regions become separated 
by the invagination of the two layers of the bud along a furrow on each 
side of the bud ; just as though the walls of a two-layered hollow rubber 
ball were pressed together by a finger of each hand acting at opposite 
sides until the points of the fingers should be separated by the four 
layers of the ball only. By this process, mouth, anus, and the entire 
gut, would of course be formed at one time. Reinhard ('80*, p. 212) 
appears to agree with Nitsche as to the method of origin of the alimen- 
tary tract. Braem ('89 b , pp. 677, 678) describes and figures diagram- 
matically this process in the statoblast of Cristatella. In the median 
plane of the bud there is an out-pocketing from the anal side of the 
atrium which involves both layers of the bud ; it assumes the form of a 
comma, its blind end curving forward to meet the blind end of a lesser 
evagination of the oral part of the atrium, — the oesophagus. The blind 
ends of these two pockets meet, and by the breaking through of the 
intervening tissue their lumina freely communicate with each other, 
thus completing the alimentary tract. He adds : " Auch bei den Poly- 
piden der fertigen Colonic der Darm durch Yerwachsung eines analen 
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einoa sjiitcr auftretcudcn ora.lcn Schlaochcs, an derm Bddnof 
t cli das aussere Kuuspeublalt nur aecundiir sicb butbeiUft, iu bueai 
kotunit." 

My own obaerv at ions are nearly in accord with tlio •tateinsuU 4 
llmcm, as opposed to NiUahoY The older bud of Figure 1 1 (Fbu* )Ll 
•him's t bo lirst indication of tbo lumen of the posterior part of uV iB 
m<iUtary tract near tho Attached portion of the bud. Tlio cell* of Ik 
in nur layer are multiplying, uud tbu lumen of tbo bud k bnavtarlon 
than elac-where. Tin.' position of a daughter bud, VI. (on tbo oral ••den' 
the ouo under considorati""* "* *» - i ^ rt y indicates that tun (mint tnarM 
rt. is in the region of wiling. Figure* 12 and UllVt 

II.) show further stages iu turn wo o«u. Tbe lumen of tbo faUtfOi 

is funned, not by count rioting of tbe original lumen of the bti, 

but by tho rearrangement o ;ho progressing blind end uf tU 

pock«t, which gradually wot*, t the distal part of tbe larger «f 

bud cavity. It is important ilkb tbo fact that tbe aluneetart 

tract in formed in the iuuer layer b bud, and that ita cell* ebw Lai 

tbo digestive cavity. Figures 20 21 (Plate lit.) represent tea aee 

ceeaive sections out of five which through tbe inner layer . nearly, 

the second and tbii third count ti. m tbe attached to the free east ef 
tho bud. Tho sections were cut av lit angles lo tbe plane of Ft 
1 1 nearly along tbe lines 20 and 21 , speetively. It will \n mm 
the inner layer alone li implicated in the lining of tbe alimentary peck* 
at this early age. They also show clearly the incorrectness of tbe stair 
menta of Nitucho on this point. Figures 24, 25, and 26 (Plate IV.) an 
three sections cut through a bud of about the age of that represented a 
Figure 13 (Plate II.). and at right angles to tho plane of the latter, sad 
iu tbe direction of the lines 24, 26, and 20 respectively. A section eat 
beyond tho end of the intestine, hi Figure 13, is unt represented. It 
shows tlnit the lumen of tbe alimentary tract is absent at this plane, a 
comparison of Figures 20 (Plate 1 1 1.) and 26 (Plate IV.) shows thai tb> 
lumen of the bud, In. gm, (which we may call the atrium from ita rescst- 
lilanre to a apnea having the same relations in Kntoprocta), has increase! 
in volume owing to a growth of tbe lateral walla. On account of tot 
more rapid elongation of the anal than of tho oral aide, tbe alia of the 
alimentary tract comes to tako a horizontal position, as shown in Fsr 
urea 17 and IK, Plate HI. (Compare also Figa, 27-29, Plate IV.) TV 
blind end of tho digestive sac comes very close to the blind end of 
another pm-ket formed on tho oral side, tho oesophagus, and aonn la* 
two ci.iuiiiunicntc directly. At I he same time, tho inner cell-layer of W 
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middle portion of the alimentary tract has been quite cut off from that 
of the atrium by a constriction, the beginning of which is seen at ex. t 
Figure 24 (Plate IV.) and in a later stage at ex., Figure 28. The cells 
of the outer layer are next pushed iuto the place of constriction and re- 
move the alimentary tract at this point still further from the atrium, as 
is shown in Figures 18 (Plate III.) and 28, ex. (Plate IV.). The error 
of Nitsche is explainable on the ground that he believed the stage of 
Figure 18 to be the earliest in the development of the alimentary tract. 
3. Origin of the Central Nervous System. — Metschnikoff ('71, p. 508) 
first clearly recognized that the supra-cesophageal ganglion of Pbylacto- 
bnnata is derived from the inner cell-layer of the bud, — the same 
layer which gives rise to the inner lining of the alimentary tract. 
Nitsche f75, pp. 359, 360) described and figured in an insufficient and 
not wholly accurate way the process of the formation of this organ. 
According to my observations, the central nervous system arises directly 
over the middle of the horizontally placed alimentary tract in the posi- 
tion marked gn. in Figure 18, Plate IIL (compare also Figs. 17 and 28, 
pm. gnS). The process by which the ganglion with its internal cavity 
(Plate VIII. Fig. 73, lu. gn.) is formed will be more easily understood if 
the reading of the text be accompanied by reference to the following sec- 
tions. Figures 17, 18, 19, Plate III., and Figure 73, Plate VIII., show 
meeessive stages in sagittal sectiou. Figures 27-29, Plate IV., from a 
angle individual, are vertical right-and-left sections, the positions of 
which are indicated by the lines 27, 28, 29 of Figure 17. Figures 30-32 
ire similar sections from an older individual (see lines 30, 31, and 32, 
* numbered at the lower border of Fig. 18), and Figures 33-38 are 
from a still older polypide (compare lines 33-38, Fig. 19). By a study 
of these sections, it is seen that the cells forming the floor of the brain, 
am. gn., are derived from the inner layer of the bud, and indeed from 
the very region of the layer which furnished cells to line the alimentary 
tnct (Plate II. Fig. 13, Plate IV. Figs. 25 and 24, ga.), and therefore 
that the layer of cells forming the floor of the ganglion is directly con- 
tinuous posteriorly through the anal opening (Plate II.*Fig. 13, an.) 
with the wall of the rectum, and anteriorly with the lining of the 
csnphagua. The first marked differentiation of this region is effected 
by the sinking of the centre of the floor of the neural tract (Fig. 18, gn.), 
thus forming a shallow pit, which opens directly into the atrium above. 
The closure of the walls of the ganglion above must now be considered. 
Concerning this process, Nitsche says : " Die Bander dieser Einsttilpung 

[wjy 'shallow pit*] wachsen nun wie die Bander der Medullarrinne 
— ira 4. 8 
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cines Wirlielthierembryos gegou einnnder. uad wie hi U tala iss u Pass 
cine hohlc IWhro von tier dorsal en I#ibe>wnnd do* Tutors* ahgsacaasrt 
wird, so wird hicr cine hohle Slate von dor Wand dc« Pi>l>j«i» a)e>> 
schniirt. In turnerem Falle ist alier die Wan dung no tier diss* Ji 
nrhnUriiTiij vorsich geht, iwcisehnihlig." Tbu two In vera 
thoxc ol tho median walls of u [iiur of invaginations of the 
sides of [he wall of tho atrium, — tlic beginning* of ih« lophcsjhint 
arms (&r. t»ph., Figs. 37, 3S, Plato IV., and Figs. 61, 65. Plato VII.), 

Tliu pruooaa of closure is in reality somewhat different from Nil*** 1 * 
conception of it. The uses of the pockets which go to form Uw kf**- 
photic arms are, nt first, directed inward, upward, and slightly mi 
ward (Plato I. Fig. 7, br. lopk.). Br moans of tbsac mvagiuslio** Ik 
cell layers lining the atrium on opposito sides an brought into pidmI 
at a point between tbu rout am and tbe ganglionic pit (Plate V. F*j tt 
loph.'). This approximation of the walls may, perhaps, better bt sss 
to bo a continuation upward of the process by which the slinuxtirr 
tract was cut off fmm the ntrium (after the lumen of tho jsTwss* **l 
formed), and by which cells of tbe outer layer of tbs bod cars* U 
intrude themselves between these two regions (Ilate IV. Fif. K t *V. 
for tho Literal furrows, by the formation of which this act to pMfaswsV 
are, on each side, continuous with the lophophoric pockets, and ah*** 
end Mindly in them. Ity the approximation and fusion of tbs mast 
layers of the atrium several things are accomplished. Th* custcrst 
wall of the brain is formed (Plate IV. Fig, 39, tnjJk.'), the asm is e» 
rtod frirtlier up (compare Plate III. Fig 19, ami Plate VIII. Fig. 71, i\ 
and by a Continuation of the ceustrieting process tbe cavities ef Is* 
lopBOphora on opposite sides of the polypide are brought 
cation between the ganglion and the rectum at a point opposite uw 
letters /«. fftn, in Figure 03 (Plate VII.), whereas thry formerly 
mnnieated only outside the alimentary tract. 

Oral ward from the lophophoric pocket* there la a thickening of fa* 
inner layer ■harp the floor (pam. am] of tho ganglion on smrh "to 
(Plate IV. Figs. '•» and 31). Later, each or those thickening* bssssasj 
a fold involving the inner layer of the bud only (Date IV. Fig. »> 
The upper and lower halves of this |«ir of folds respectively fuss to tk» 
■ngittal plane, tho Inst point at winch the union occurs being m 
o^ophagus (Plate III. Fig. lit). Anteriorly the rira of tbs shallow 
pit rises up as a third fold, and tho ganglion becomes a sac whoa* 
is bounded by the edges of the folds, tho advance of which eaose* « to 
iH-eome more and more constricted. These folds ar* the 
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above the cavity of the ganglion, and the one between the cavity of the 
ganglion and the oesophagus. The outer layers of these three folds 
respectively fuse immediately behind the oesophagus ; the inner layers 
are constricted off, but without closing the neck of the sac. Conse- 
quently the neck of the ganglionic sac, instead of opening into the 
atrium, now abuts upon the inner cell-layer at the angle between the 
floor of the atrium and the oesophagus. The lower layers of the hori- 
zontal folds thus become the upper wall of the ganglion (Fig. 35, tcL 
g*.); the upper layers form the new floor of the atrium (Fig. 73, 
pam. atr.\ which lies between the lophophore arms, is continuous with 
its median walls, and passes over into the walls of the alimentary tract 
both in frout and behind The outer layer of the young bud only 
secondarily makes its way in between the upper and lower layers of 
these folds. It ultimately takes the form of a double layer embracing 
a space, which is the epistomic canal. (Plate VIII. Fig. 73, lu. gn. 9 
Plate V. Fig. 52, lu. gn. f can. e stm.) 

4. Origin of the Kamptoderm. — While the alimentary tract, lopho- 
phore arms, and nervous system are being marked out in the lower por- 
tion of the bud, these organs become farther removed from the wall of 
the colony by an enlargement of the atrium to meet the demands of 
the augmenting volume of the lophophore. Pari passu with this en- 
largement of the atrium, its walls diminish in thickness (compare kmp. 
drm., Fig. 73, Plate VIII., with Fig. 18, Plate III.). This is rather the 
result of a failure of the cells to multiply in proportion as the area of 
the wall increases, than of a decrease in the number of cells already 
formed. Both the inner and outer cell-layers of the bud take part in 
the formation of this wall, as is evident from the figures. The wall of 
the atrium was called " tentacular sheath " by All man ('56, p. 12) and 
Nitsche, but Kraepelin ('87, p. 19) employs the name "kamptoderm" 
for this structure. I prefer this term to "tentacular sheath," and have 
employed it both on account of the reasons given by him and because it 
may be easily inflected, whereas " tentacular sheath " may not. The 
kamptoderm, then, is formed of the upper portion of the bud, and both 
of its cell-layers are concerned in its formation and persist in the adult. 

5. Origin of the Funiculus and Muscles. — Nitsche (*75, pp. 353, 354) 
did not see the origin of the funiculus, but states that it suddenly occurs 
lying close along the oral side of the bud, to which one end is at- 
tached. Its proximal end is fastened, he says, to the inner layer of the 
colony-wall, and by the growth of the latter between the funiculus and 
the neck of the bud this end retreats from the young polypide. Brnem 
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('SS, p. 533) asserts, tlmt the funiculi)* arises as a longitudinal lidfa •» 
tlir outer layer of the oral wall of the young poiypide at the til 
tin' for Hint ion of the alimentary tract, and tliut tbe ceils of tins 
are col off 1 from the bud lo form the funicular cord. Soon sJlsrtin, 
embryonic cells from the tuner layer of the young polynsde 
into (he midst of the cord through its proximal end, and thus lay lb) 
foundation of the stntoblast. 

Concerning the origin of tbo mutciti, Nitsoho ("75, p. 351) states I 
they arc simple elements of the outer cell layer uf live bud, vturii • 
originally situated in tlie angle of attachment of the bud to ihs u 
layer of the colony-* nil, and that by tbo growth of tint vail ln*i 
come drawn out into tpiiidh>sha ped cells. 

I have decided to treat of these two orguus together, sine* thsir *> 
gin mid development arn curiously similar. According to ny l*M 
both urine, in part at least, from tlio inner cell-layer of tie cesstr- 
wall. At a stage slightly earlier than that of the first appearance of da 
fully formal funiculus (I'lute II. Fig. 11, e£/vn.), I bate always 
a disturbed eouditiou of the coulomie- epithelium. This m parbcobrrr 
noticeable on that aide of the young Intern! bud Upon which Un OH 
bud is about to arise. Id some coses 1 have seen the sells of 
layer taking on all the characters of wandering cell*, at kern at rt/ss.. 
Figure -J 2, Hate HI., where some hare already l>cj;uu In group 
into a fiinieiilus-like cord. At Figure 67, ef./ii*.. Hale VL, the 
is seen lying close to the oral wall of the poiypide. That K has sel 
arisen in precisely the maiinor described by llraetn is nrolashle 
figure alone, for the proximal end of the funiculua is not yet i 
with the wall of the colony. If my view ia correct, ihia o 
arises only secondarily (Fig. '2, /un.). I am, however, inclined to re- 
lieve that the distal end of the funiculus arises in a different 
the proximal, and in the manner described by Ilraem. My 
for this is, that I have twice seen at this point cells in the set sf 
dividing so ns to contribute daughter cells to the funiculus. FigmtH 
I 'Into VI., shows the condition of the distal eud of the funiculus, 
which passes, without any line of demarcation, into the outer bysrsf 
the bud j this layer is normally one cell thick, hut in the 
funicular formation it is two ■■•-lis thick. The proximal end of ts* 
funiculus is, at this stage, attached to the otolornio epithelium oft** 
roof of the colony. M, That an attachment should occur 
in-r, and bMoBM quite intimate, ia not strange, considering tbe OfSj* 
of the funiculus from amaboid cells, and the (act that, r< 
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stage of development, this character is still retaiued by much of its 
tissue. (See, for example, Fig. 77, fun., Plate IX.) 

The great retractor and rotator muscles have, I believe, like the funic- 
ulus, a double origin. They arise from the outer layer of the bud, on 
the one hand, and from the coelomic epithelium on the other. The 
first indication of the differentiation of the muscle cells consists in a 
disturbance in the upper lateral edge of the outer layer of the bud at 
about the stage of Figure 17, Plate HI. This is shown in dorso-ventral 
sections through this region (cl. tnu., Figs. 24, 26, Plate IV.). Later, the 
disturbance becomes more marked, and cells having a semi-amoeboid 
character appear to be proliferated (cL mu., Fig. 33, Plate IV.), and to 
migrate from the bud towards the coelomic epithelium. During this 
process the cells of the latter layer also are active, and some of them, 
elongating, reach towards the young poly pi de, as seems to be clearly 
shown at cl. mus., Figure 54, Plate VI. It is significant that, since each 
of the two upper lateral edges of the bud lies near a radial partition, the 
muscles also are always formed in close proximity to one (disep. r., Fig. 54, 
Plate VI. ; Fig. 30, Plate IV.). It will thus be observed that, both in the 
case of the funiculus and of the muscles, the end which is attached to 
the wall of the colony arises at a point which is remote from that of its 
attachment to the adult. The migration to the later positions will be 
treated of farther on. (See page 141.) 

6. Or iff in of the Body-toall. — As already shown (page 104), the 
body- wall of the individual of a Cristatella colony includes not only 
the endocyst of authors, — the roof and the sole, — but also the radial 
partitions. 

Braem ('88, pp. 506, 507) concludes " dass die polypoide Knospen- 
•alage . . . nicht allein das Polypid nebst den Tochterknospeu liefert, 
modern dass auch die zugehftrigen Cystide aus ihr und zwar aus ihrem 
Hslstheil entwickelt werden." I believe that a portion of the u cystid," 
or body-wall, is thus formed in Cristatella, but not the whole. 

If one compares the relations of the polypido to its daughter bud in 
Figures 3 (Plate I.) and 17 (Plate III), and reflects that later the daugh- 
ter bud is to be found still farther from the mother bud, he is forced to 
one or the other of two conclusions : either the young bud is pushed 
from the mother by a proliferation of cells from the neck of the polyp- 
ide without causing an increase in the length of the body-wall itself, 
or there is an actual increase in the length of the body-wall, produced 
either by the proliferation of cells already existing in it, or by the addi- 
tion and subsequent proliferation of cells from the neck of the mother 






118 BULLETIN Qt THs 

polypide; and this increase in length, occurring between (bo poiyH* 
anil bud, carries the two sport. I' n fortunately, I am nnahl* to stsl* 
definitely bow thin migration of the young bud away from the mctbtr ■ 
effected. If the ectoderm iucruusve in length between tlui two Ik. J- h 
tbo jiroli fern lion of tell* already existing in it, lliat fact ought to U 
evinced by u distorted condition of the old cell-walls of the highly isass- 
tnorphosed cells of the ectoderm. For, since moat of the active pn*> 
plasm is at tbo base of tlie ectoderm, it* urea will increase faster Ums 
will the area of the surface of the ectoderm ; mid tit* latter will rnW 
rupture or stretch, or else the ectoderm will become ooocare oa «• 
outer aide. An application of these criteria to section* of tha htsly nil 
in the budding region lenda to the conclusion that, the ectndens J 
Oristutclla increases here very slightly, if at all, by a proliferate-* 4 
cells alreudy ousting in it. A search for cell division in this repss 
Iikb yielded the same negative results. There can be do doubt tkst 
veils are added to the ectoderm from the neck of the potypsde. TW 
process takes phot, however, nfter the daughter bud la wall eatabsaM 
at some distance from the mother hud. The proliferation of tbes* est* 
ruptures the old cell-wnlls of the ectoderm, nud increases the ares if 
the body wsill, I shull have occasion to B[ieak of this process m*i 
fully in treating of the later period to which it belongs. 

There reimius, then, the conclusion, that the cells which go to fsra 
the inner layer of the young bud lire pushed from the neck of the an1 
older bud by n proliferation of cells in the atolon-hW niaaa, witaset 
causing nn increase in the area nf the body -wall itself. Mumxtr. I 
have seen cell proliferation in the slolon-liko uioea. Another asnet d 
facts will h-iul us to this same conclusion. 

I! Mi the bod) wiJI does not incres* by ocll praltfi nUkst bawl I 

buds, it ittKf, so, I believe, nt the margin of the colony. This, a * 
true, en 1 1 tint lie directly olsterved with ease, since the ma I Upbeat** of 
cells, which tends to increase the breadth of the colony, must sit" m*' 
at the miirgin, and one cannot be certain what dimension or the esfcaj 
wall will lie augmciitcd by any given case of nuclear division. It 
baliajf n-s U on tbo billowing evidence. (1) In the aamo adult oA*' 
the distance of the youngest bud from the margin is not the ssa* 
in all regions. This is not what wo should expect if the diataw J 
tha youngwal potypidM from the margin remained unchanged during *■ 
growth of the colony. (2) There is u gradual increase tn the ansa** 
of metamorphosis exhibited by the cells na one posses from the 0*7* 
towards the. middle of the roof. Figure Oil (Plato VI.) shows a rstssr 
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marked example of a very common, although not universal, condition 
of the lateral margin of the colony. The epithelium of the margin is 
composed of columnar cells, which are higher (54 fi) than those of the 
roof (48 fi) f and also of a leas average diameter (8.4 /a) than the latter 
(Id. 2 /a). Moreover, the cells are very little metamorphosed. In pass- 
ing towards the roof (*<*.), the cells are seeu to become more and more 
metamorphosed, the secreted bodies (cp. sec.) becoming relatively larger. 
Figure 55 represents the margin iu a more metamorphosed state than 
Figure 60. Although this condition of things is not incompatible 
with the idea of a passive margin, it strongly suggests that this region 
is one of proliferation, by which cells are added to the roof, and thus 
the distance from the youngest polypide to the margin is virtually 
increased. This conclusion receives a very important confirmation 
from the study of the origin of the radial partitions, the treatment of 
which must be deferred for the moment. Although new cells are being 
added to the roof at the margin, yet the distance from the youngest 
polypide to the margin is not greater in old than in young colonies. 
How, then, is the approximate constancy of this distance maintained ? 
Evidently it can only be by the process (which I have already shown 
must take place) of migration of some of the young buds at the base 
of the ectoderm, particularly in the case of median buds. The ten- 
dency of the migration of young buds towards the margin is to diminish 
the distance between the front of the budding region and the margin 
of the colony. The tendency of cell proliferation at the margin is to 
increase that distance. The actual distance is the resultant of these 
two opposing factors, and may be less or greater in different parts of 
the same colony, according as the one or the other is the more active. 
If we assume, further, that the cells added to the roof and sole from 
the margin plus those derived from the necks of the polypides are 
equal in amount to those lost by the degeneration of individuals in the 
middle of the colony, we have a sufficient explanation of the fact, 
observe* 1 long ago, that the adult colony of Cristatella maintains a 
nearly constant width. 

7. Origin of the Radial Partitions. — I know of nothing on this sub- 
ject by any previous author. The radial partitions consist of a muscu- 
laris covered on both faces by a very thin epithelial layer (Plate X. 
Fig. 95, 1). The muscle fibres of the muscularis arise from the already 
formed longitudinal muscles of the wall of the colony at the region of 
transition from the sole to the roof (Plate VI. Fi<r. 55, m«,). As the 
muscle fibres move into the ccanocoel, they carry before them the ccelo- 
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nuc epithelium of tb* region from wlileb they vita. It ia 
tha method of origin that the epitlwlram autoe* to cloth* both 
of Uw fatftitwa. Tbe procra* by which tb* mnwde nun* mm bk> 
th* omaootrl appear* to be thia, Tha rod oT a fibre mom*, the mi 
become* fixed to a certain part of the niwanlaru *f tbe roof, sad a 
left behind with it when the margin a owned outward (potentially) ■ 
the Milk of oell prolifanthm. Thus from 
the tibrea attain a direction at first oWmju*. 
tlie sole. In aome instance* the upper end* of tlie flbrea 
an arc of more than ninety dejrrwa, to that lliej are olti 
upward and inward, i. *. toward* the centre of tbe ivlotiy, 
■B, «,', *>a". Fig. M, Plate VI). Thai 
two bnruoatal areUon* (Plate E. Fig*. M and 9fi), tbe former boar 
nearer tbe aula than the latter. Tht* ie a regrton of active budding, «d 
in ouaaK|oenc* new compartment* or erwadUa are beiuit rabidly *ar*a*l 
The number* 3, *, 5, and « (Kip. ». W) enow tha position* of yaaaj 
partition*, wbicb are aburtar abov* than below, owing to the ohiajet 
punitton auntned by the inncrmuet muscle fibre* of the 
ul<lk|Tiv position ia dne tu tbe tact already damonat 
Plate VI.), that the tcctal end of tbe moade of the 
appear* at tbe margin nearer tbe aula than tbe root At 2 
then ia aaparvntly an intervsting caa* of tbe fbrmaliuo of a nee pe- 
tition by the detachment of certain ffbm (Wan tha tnnectibtha vT a* 
old ime. The fibres, moving away laterally, take with them a coverine 
of ca-lomic epithelium. Near the sole this procea* ha* pmgreeeed U> 
titer than it 1ms nearer the roof. *o that in Fig. 95 the dotachmrai 
appears complete, win- rem in Fiat. 96 the union is still visible. Th» 
method of formation is intelligible when one consider* tliat the bubi 
Inri* cf the partition often contains more than a single layer of uiite-b 
fibre*. ThiiM. tu Figure 8T, mu., there are two or three layers of film 
in tbe section. Figure S*j rcpreacnta ■ section cut vertically and m 
right angles t» a partition near its union with the marginal wall of lb* 
eolouy, mill show* three fibres of the longitudinal or inner layer J 
the niiiM-tilnria lying aide by siilc in tbe partition. 

Comparative ami THEORETICAL Review or TBI Observations u» 
the Origin of the Individual. 
boarinp haaje the facta here adduced on thoae given for otbf 
if Rryoxoa, ind what is their probable significance in rebus* 
met*] problem of nou-seiual reproduction t 
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1. Origin of the Polypide. — Lateral budding (as distinguished from 
linear budding, such as occurs in Turbellaria, Chretopods, <tc.) may 
be roughly classified under two types, in one of which the young iudi- 
?idual arises directly from the body- wall of the parent, as in Hydra, 
In the other, the young arise, one after the other, from a mass of 
embryonic material derived from a parent individual, — from a stolon, 
ns in Sal pa. In the group of Bryozoa both of these methods seem to 
be present. In such a form as Paludicella (Allman, '56, pp. 35, 36, 
Korotneff, '75, p. 369) we have an example of the direct type ; in Pedi- 
cellina we have a stolon ifero us genus. Also in the marine Ectoprocta 
examples of both types appear to occur (e. g. Flustra, Hypophorella). 
To which of these classes does budding in Cristatella belong? It seems 
to me that we have here an instructive example of a transitional condi- 
tion. The young polypide of Figure 3 arises directly from the mother 
polypi de, and may represent a case of the first class. Is the type of 
Figure 2 a representative of the stoloniferous class? It seems to me 
that it partakes of the essentials of that class, although, as I have 
shown, it may be united by intermediate stages with the first class. 
I understand a stolon, in its morphological sense, to signify a mass of 
embryonic cells derived from a parent individual, and capable of repro- 
ducing non-sexually one or more daughter individuals at some distance 
from that parent. The condition shown in Figure 15, Plate II., in which 
the embryouic cells of the two layers represent the stolon, may fairly 
be said to answer to this definition. The mass of cells (III.) represents, 
then, the distal end of the stolon. But the stolon does not end here, 
although its further progress towards the margin is delayed. Not all 
of its cells go to form the polypide which arises at this place. On the 
contrary, some of them remain in the " neck " of the new polypide, in 
an indifferent histological condition, and later give rise, either directly, 
or by the intervention of a typical stolon, or by both, to one or two 
new buds. Those cells of the neck which do not thus pass over into 
new buds for the most part degenerate (page 144). According to this 
view, the neck of the polypide is to be regarded as at first essentially 
a portion of the stolon. 

2. Interrelation of (he Individuals in the Colony. — The interrelation 
°f individuals in the colony in Cheilostoroata has been most carefully 
investigated from a morphological standpoint by Nitsche ('71, pages 35, 
36), who showed that, in opposition to Smitt's theory, each new indi- 
tidail arose from a single preceding one, and that the latter, in order 
to increase the breadth of the colouy, might give rise to two individuals 
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instead of one. Reichert ('69, p. 311, Fig. 28, Plate VL) baa iktm 
that in Zoobotryon (one of the Clcnostomata) "«u tier MantaJnWa*. 
und iwnr eiuwitig, inacrirtin die llryozooiuVipru nut Alternation m \*r 
tklloK'ti, wie es schemi, langgwgenen apirolig rcrlanfctwloti Reiken u 
goorduet," Nilsche ('75, p. 370) emu* that tho buds in Uaw 
iinst: from the niothor n lie mutely on opposite sides, and that Ik 
younger the bud, the nearer it i» tu the fix* of the parent individual 

Both Hatsoheck ('77, pp ,'.17. 518, Fig. 33, PlaW XXIX) end SstlV 
gvr ('Mil, p. 17t'i) show thiil in T*l«M*liiHln young individuals are dent 
oped in the plane of the older niiea, und are Biicceaaively fiirmnd sill* 
growing tip of the stolon, towards which the iwopiiageal ■**• °* •" 
individuals hi turned. This relation in the unit u thai which we bin 
lomii] in Criatatclln. In Clieilostomatii, however, it is apparctiiJj tU 
mm* which h turned towards tbe budding margin. 

Thus, throughout the group of Jlryosoa. « o lind that (be position « tick 
young buds ■MM in relation to older mdividoula u very oaaMa, 

1 am inclined to bclinve that tho i-adial partition of Criatalriat srf 
arale tho morphological equivalent* of the isolated branches tJ sock ■ 
form as l'lumiitclla punctata (sec Kracpelin, '87, Taf. V. Figw. J2», kfl) 
The type of budding width gives rise to the series of median Imda aar 
, then, be represented, iu aoen from tbe awk, tt 

F'igure 11. The margin (•) will then rapraaaa 
that portion of the body-wall of the yooaei* 
individual, which win ^ivc uw to a part 'i 
the body-wall of the next younger individual 
The process by which the liody-wnll of the individual of Cristatelu a 
formed i« therefore, in my opinion, different from that which line* 
deacribea in the cose of Alcyonella, for he maintains that in Alryowlb 
the projicr body-wall of an individual arises later than ita polvpide. 1° 
fail, the tip of the hruuch of Alcyonella is somewhat different fr.» 
that of CriHtatclla. In the former, it is occupied by the polvpide of • 
budding individual ; in the latter, a part of the body-wall of tbe bo* 
din); individual is pushed out beyond the polvpide. In tbe fcrmer. lk( 
ron u il.it ions of the daughter polypide arc pushed nut upon the bod' 
wall of the mother, and begin to form their own proper body wall; * 
the latter, the young hud migrates away into the modified part of u* 
lush-wall of the mother, which forms the extremity of the branch, tad 
which now liworp.es a part of tho body- wall of the daughter polyp* 1 * 
This distal part of the body-wnJI grows independently of tbe pnlrpK" 
by interstitial growth, and thus differs from any part of tho body-"! 1 
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of the individual of Alcyonella, for all of it, according to Braem, is de- 
rived from the neck of its own poly pi de. This last method of origin 
of the body-wall I believe to be also present in Cristatella, as well as in 
Alcyonella, as I shall have occasion to show later (page 144). 

In Paludicella, according to both Allman ('56, pp. 35, 36) and Korot- 
ueff ('75, p. 369), the formation of the body-wall of the new individual 
is begun before the appearance of the polypide. In Cheilostomata, as 
both Xitsche ('71, p. 22) and Vigelius ('84, p. 75) have shown, and in 
Ctenostomata, as demonstrated by Ehlers ('76, pp. 91, 92), the "zoce- 
cium " arises before the polypide takes on its definite form. 

3. Origin of the Layers. — Although later researches have only con- 
Brnied the conclusion arrived at loug ago, that in Tuuicates cells from 
all three germinal layers of the parent pass over into the bud, the 
facts in Brvozoa have seemed not to favor the view of tho fundaraen- 
tal nature of this process. To be sure, Hatschek ('77, pp. 517-524) 
believed that he had found evidence of a condition in the budding 
of Pedicellina exactly comparable with that in the budding of Tuni- 
cates ; but the more recent studies of Harmer f 86, p. 255) and Seeliger 
('89) have failed to confirm his results, if they have not satisfactorily 
explained the source of his error. 

What is the relatiou of the condition I have described in Cristatella 
to the question of the transmission of a part of each germinal layer to 
the bud, and in how far do the conditions here agree with our present 
knowledge of the budding process in other groups of Bryozoa) Al- 
though my results accord with Hatschek's in this, that the youngest 
tod next older buds are intimately related, that the corresponding 
Uvotb in each are derived from the same cell layers, and that the inner 
Uyer of the bud is not derived directly from the overlying ectoderm, 
they do not strengthen the idea of the fundamental importance of his 
doctrine, •• Die Schichten der jiingereu Knospe stammen von denen der 
nichst alteren direct ab." Moreover, they afford no evidence of the 
accuracy of his conclusion, that the inner layer of the bud is com- 
posed of entoderm ; indeed, since this inner layer does not give rise to 
tfo alimentary tract alone, as he supposed, but to the nervous system 
•*!*>, the facta in Cristatella tend to weaken his hypothesis. Tn order to 
•ktennine finally just what the origin of the stolon from which the 
inner layer arises is, it will be necessary to study the origin of the first- 
fonned polypides. This I have not yet been able to do. Our present 
knowledge on the subject is still in an unsatisfactory state. 
Allman ('56, pp. 33, 34) has described and figured some stages in the 
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development of the egg, but without referring to gastnalatios, ur L 
layers involve J in tho first polypide. 

Mctschnikoil' (71, p. 508) and Nilache (75, p. 
tin.- outer layer of tho embryonic " cyst Id " goes to 
of the primitive polypide*, nutl that iU inner la; 
layer of tho polypidcs. 

Koinhnrd ('80*. pp. 208-211!) is more explicit concerning the cull 
stages tliuu preceding authors. Apparently the fa; •rgments regularly, 
uuJ undergoes euiboho invagination. The blastopore doses. Then it 
a circular groove in tho unterior put of tho embryo (iUm>i>'i n 
cavity), nml from tho cap or "hood" which the mantle cavity i 
rounds, tho wall of tho " cyst id " or colony-wall u »ul«quenUy fi 
The embryo in already composed of throe layers, ''no outer, I bo t 
muscular is, ami the entoderm." All thrco layers of tho ■ 
in tho formation of tho polypidcs, but tho fate of oseb 
clearly described. 

H addon ('83, p. A43) suggests that the put ruin into be t 
one in which the alimentary tract in retarded in development, a 
the enlarged caelum ic diverticula, such as occur in Hagitla, ■ 
nearly the whole of the no-called sreheuteron. From the a 
true entoderm at the i>olo opposite the blastopore the * 
arises. This suggestion, uti fortunately, has no positive facts fcr n 
support, ami c»uld ho of service only upou the assumption thai tht 
alimentary tract of the first polypide is formed from tbe lunar layer rf 
the " cyst id " , hut this assumption is contrary to tho observation of oil 
who have written on this subject. 

Kraepelin ('8fi, p. G01) has also observed the " gastrulation," but if 
believes that it i« to I"; interpreted as the precocious formation of u 
which case tho in vagi nation to form tho first polypide n 
I as tbe true pott ru hit ion, tho inner layer of the cysUd m 
d the inner layer of tho bud as entoderm. 
most satisfactory and complete account of the embryology 
r llrjuwtt is that of Korotnclf, '89. Tho genera studiol 
I In and t'lintntolln. Since tho development takes plac* 
u-cinm, tbo use <if the section method is necessary for tht 
elucidation of the details of the embryo logical processes. Apjiarvndi 
the egg tegmenta regularly and forms a blastula. Loose cells are give* 
off fn>m the inner surface at ono pole of tint blastula. These arranci 
themselves in an epithelium, lying immediately inside of the ectoderm, 
over a part only of its inner surface ; so that while the upper tec-thirds 
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of the embryo has two layers, the lower third is one-layered. The 
cavity of the lower third contains some scattered cells, which, the au- 
thor hints, may be representatives of the mesoderm, while the cavity in 
which they lie may represent an enteroccel. The author regards the in- 
ner layer of the upper two-thirds as true entoderm. The method of its 
formation recalls that of the entoderm of some Coelenterata, as demon- 
strated by Metschnikoff. There is no epithelial invagination, such as 
Kraepelin maintained, a\id therefore the cavity which the inner layer 
Hues cannot be regarded, says Korotnelf, as an enteroccel. Later, the 
entire embryo becomes two-layered by an extension of the inner layer. 
The two polypides arise from two distinct invaginations of the double- 
layered walL 

Unfortunately, Korotneff does not demonstrate by figures the method 
of origin of the alimentary tracts of the first polypides ; but there is 
little reason to doubt that it is essentially like that in other buds. If 
it is admitted that the inner layer is entoderm, as Korotneff maintains, 
then the entoderm takes no part in forming the digestive epithelium ; 
bat the latter is derived solely from ectoderm. 

In his discussion of the theoretical bearing of his results (p. 404), the 
author seems to maintain that the polypide is to be regarded neither as 
an individual (Nitsche's view), nor, on the other hand, as an assemblage 
of organs homologous with organs of the same name in other groups ; 
but rather as a new structure, developed upon the cystid, to aid in its 
nutrition. 

In criticism of KorotnefTs view, that the loose cells given off from 
one pole of the blastula are entoderm, I may point out that this process 
bean quite as much resemblance to the process of " mesenchyme " 
formation (as described by Korschelt for the Echinoids), as it does to 
the origin of the entoderm in some Coelenterates. Compare Figs. 1 3 £ 
and 182, in Korschelt und Heider's Lehrbuch der Vergleicheuden Ent- 
vicklungsgeschichte. 

Braem ('89 b , pp. 676, 677) has shown that the primary polypide of 
the statoblast arises from the cell layers of the statoblast, exactly as the 
primary polypide of the egg embryo does from those of the " cystid," 
and the alimentary tract is formed as in buds of Cristatella. 

To sum op : The outer layer of the colony-wall is ectodermal in ori- 
gin ; the inner layer arises by an embolic (?) invagination of the bias- 
tola, and would therefore appear to be entoderm, although the possibility 
of tta being homologous with the mesoderm in other forms is perhaps 
not excluded. The first polypides so arise that their inner layers are 
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formed by on invagination of the outer layer of the euk»T-«ral), and 
their outer layer from the iniier layer of th;it wull. 

In L'nJojirocta, Sueliger ('DO, pp. 17G-187 ) baa shown decisively that 
tlio inner layer of thu bud is den ved solely from tho ectoderm, and that 
this inner Injur gives rise to the digestive epithelium of the alnurnUn 
tract, to the ncrvoua tissue of tlig brain, and to tbo enter layer at tka 
tentacles, Uitc mr*cnehymatous cells, representing uudiiubtcdlv w» 
dermal tissue, come secondarily to surround the polypide u a haw 
outer tissue. In Loxoscmm the mimo in probably true. 

Thu conditions of budding in (!ym*ol<n*ata an mora difficult tn w 
derstuud. In I'sJudicclla, tbe bud seems to arise a* iu I'hjlail 
(Alluian aud Korotnelf). Tbe name is prolinUy true for .V 
(Haddou, '83, p. 623, Halo XXXV111. Fig. 23)." Iu the CMfc 
however, thu fuut uf the great development of a looao 
tissue obscure* the process, and makes it diuiculi of mt> 
This tiasite, wbich is known under three probably hoinohaguna 
"Fnniculargowolw." N'itaelie, "PareuchyuiKewebe" tn part, V 
and "KndoBurc," Jolwt, — is to bo considered aa representing tn* 
lar mid cudomic tissues of I'hylnotohemnta. Tbe mis! enntful 
tions on tbo origin of this tissue am those of Joliet (*" 7, pp. 3 IS, SlaV 
and 'SG, pp. 39. 40) and Vigolius ('81, p. 76). lloth autfaen a*a*t 
that Ibis tissue is derived from cells given off from aa epathetiaa at tbs 
distal end of tbo budding individunl. Vigeliua ('81, pp. 19, 79) btttnm 
tbat Ibis epithelium is ectodermal, and that it is the s»le rudiment »f 
this layer; but OstroumotT ('83, p. 291) and IVrgeon (*89, p. M) 
have shown that the ectoderm persista and secretes m l la cells to* eal- I 
coroous cctooyst. It seems more probable, however, that the "fuaaw- 
Inr tissue" arises from the inner layer of the body trait (Nitache.71, 
p. 37, Piatt 111. Fig. '', r.), and ia the equivalent of (be iixlt-uitc ejntk* 
lium of Cristad'Ua. Tlie fact that many of these niceeucht Ukabxia iwfc 
conglomerate in the formation uf the polypide sufficiently accouati fc» 
the origin of its outer layer of cells. The origin of the inner layer * 
problematical, if, as is awerted to be the ease by several author*, u> 
bud is not formed iu Die region itf the hodr-wmll. 

It will !« premature to speculate upon the significance of the fads 
of budding in the KctoprocU until wo shall have gained a more oaw 
pteta knowledge ■■( the ontogeny of tbo group, and of lite rtlitiawahf 
»)' Die ( bcdoBtumatous to the i'hvlnctolii'iuatous type through ennipais- 
live a^-innogcnrtie studios. It may appear in the ond, that, under «*■ 
tain circumstances, umlifTurenUatod embryonic l issue, derived front * 
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certain germ layer, can assume the task of building organs in budded 
individuals similar to those derived from a different layer in the sex- 
ually produced individual. 

Whatever may be the truth of the conclusions reached by Haddon 
('83, pp. 548, 549, 552) and by Joliet (*86, pp. 54-56), that the nervous 
system aud the alimentary tract arise from two distinct layers, or kinds 
of cells, in the species studied by them (and their evidence is certainly 
not conclusive even for these), their attempts (Haddou, '83, p. 540, 
Joliet, '86, p. 57) to apply their results to the Phylactolsemata are not 
justi6ed by the observations which are here presented, nor by those 
which have been made upon most Gymnoleemata and Endoprocta. 

4. Origin of the Alimentary Tract. — There is a curious difference 
between the Endoprocta and the Ectoprocta in the development of the 
organs of digestion. Seeliger (*89, pp. 182-184) has shown for Pedi- 
cellina, that the oesophagus and stomach arise as an e vagi nation of 
the oral wall of the young bud, which secondarily becomes connected 
with the proctodeum. Haddon ('83, pp. 517, 518) has shown for 
Flustra, Barrois ('86, pp. 73-86) for Lepralia, Braem (89 b , pp. 677, 678) 
for the statoblast polypides of Cristatella, and the present paper for the 
polypides in the adult Cristatella, that the oesophagus only is formed 
on the oral side, the stomach arising with the rectum on the anal side 
of the atrium. In all cases the oesophagus is formed first (Plate II. 
Fig. 13). A comparison of my Figure 18 with Figure 41, Plate XXX., 
of Hatschek ('77), shows a striking resemblance between the two. The 
form of the alimentary tract and the depression to form the ganglion 
are practically identical ; and were the tentacles to arise directly from 
the immature lophophore arm (br. loph., Fig. 18), and from the circum- 
oral fold which has already appeared, it would be difficult to decide 
whether the anus opened outside or inside the circlet of tentacles, — 
whether, at this stage, the Cristatella polypide were ectoproct or 
endoprocL 

5. Origin of the Central Nervous System. — The only observations on 
the origin of the brain in Bryozoa relate to Phylactoleemata and Endo- 
procta. In buds of Pedicellina, the ganglion is formed, according to 
Catschek f77, p. 520), as an invagination of the floor of the atrium, 
which later becomes cut off as a hollow sac. Harmer ('85, pp. 274, 275) 
hat studied the origin of the ganglion in the bud in Loxosoma. lie 
states that it is derived from the floor of the vestibular [atrial] cavity, 
and (apparently on purely theoretical grounds) that this latter is ecto- 
dermic. "In a longitudinal section through a fairly advanced bud 
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(Fig. IB) it is aeeu that a narrow slit-like diverticulum of thai waatifcajLi 
posses behind the cpintotuu. This diverticulum, which remain* id t«tj 
much the same condition thru ugh out life, does not gite n*» u Mt » 
the ganglion, which is merely formed by & di Here ut tut iuu of mw of th 
eetodermic cells." Harmer further doubu HutM-hck'* Mutant of tie 
form lit in u ii!' the ganglion in I'cdicellinii, uud believe* lliet tlw h 
Ilutschck's hollow sac is in reality the commencement of the fibnas 
tissue which occupies the centre of the ganglion iu the adult, ud 
which iu option! sections might easily be mistaken for an empty 
"Similarly," lit' continues, " Nilsehc linn drscrilied the ganglion of Adf 
nrtta us originating M a diverticulum fr»tn the tent ado sheath. I regard 
It n probable that the explanation which I bavc suggested fur /V/»W- 
Una will hold also fur Aleyoritita" The condition* which eTery 
of the embryology of I'hylactoliematn haa Hiatal since Metadunkafe' 
paper in 1871, nnd which my own result* reaffirm, do not nmst liar 
titer's concl unions. The HTM fihrrs arc very evident in I he adult gatttlas 
of Oristiitolla, tad iu addition to them there is a cavity, imiKgenrtioaOf 
derived from the atrium, which, as Saefliigrn ('*8, p. 9fi) haa alas 
shown for I'livhieiohruiatii, contains no histological dniucuU (I '1st* T. 

6. Origin "filit Funiculi!! and J/wr/ra. — The origin of the *-* 

funicular tissue in (jynmolicniata has been descrihed already (page IJ<1 
Thia name tiasue also (rives riac, according to Vigellua (*8t, pp. M. W 
and other*, to the retractor muscles of the polypide. As I have already 
shown (p*gN I1B-117, Fig*. 22, A4), iu writing of the origin of thaef 
tissues in ("ristatollft, thu cmlomic epithelium girea off crlla, eoast of 
which take mi an inortnld appearance, and, uniting together, JurmlW 
end of the funiculus which is attached to the polony-walL Other cah 
from the cmlomio epithelium jwhs directly to the adjacent outer lavw af 
tin' bl«J, tn form ilia nascent retractor and rotator muscles. IWh of Laaar 
orv-aii* an-, however, formed in part from fella c<<tnp"*dnar the ■a** 
layer of the hud, — itself closely related ontogoneticaJly to the carta* 
epithelium. 

These facta would seem to confirm the conclusion which the mmIm 
nhition of the two layers would luggest, namely, that the nrl-ink 

•pitheli f I'liylnctolicmata ia the homologtio of llw " 

litmlioliLUiaUt. 
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IV. Organogeny. 

1. Development of ike Ring Canal. — Nitsche ('75, p. 358) describes 
the ring canal as a furrow arising from the opening of each of the lopho- 
phoric pockets, and running towards the oral side of the bud. In a later 
stage, both layers become deeply implicated in this furrow, aud the 
ring canal is completed by a growing together of the edges of the 
furrow. 

Braera (*89 b , p. 679) merely states that he cannot fully agree with 
Nitsche's description of the formation of the ring caual. 

As a result of my own studies on this subject, I have reached the 
conclusion that the circumoral branch of the ring canal makes its first 
appearance in the median plane in the oral region at about the time 
that the depressions of the lophophoric pockets are first indicated. The 
formation of bdth organs is preceded by a preliminary thickening of the 
inner layer of the bud (Plate IV. Fig. 26, br. loph. f aud Plate III. Fig. 
17, can. ere). It is only later, after the lophophoric pockets have at- 
tained considerable depth, that the groove of the incipient "ring canal " 
appears continuously on tho side of the polypide, extending from the 
pre-oral region to the lophophoric pockets (Plate IV. Figs. 33, 35, 37, 
can. ere.). 

Aa indicated in the successive stages of Figures 18 and 19, Plate III., 
the thickening of the inner layer anterior to the mouth is followed by a 
fold at this point involving both layers. The fold is deepest in tho pre- 
oral part of the median plane, and becomes shallower as it proceeds pos- 
teriorly. Finally, the outer-layer cells of the lips of tho fold approach 
each other and fuse, thus forming a true canal (Plate IV. Fig. 33, can, 
ere.). Kraepelin ('87, p. 57, Figs. 72, 73, qb.) asserts that this canal 
does not communicate at its neural ends with the coonocoel, but that it 
is always closed by a strong " Querbriicke * connecting the " Kampto- 
derm" with the alimentary tract. By making sections of the colony 
parallel to the sole, dozeus of individuals are cut through the entire 
length of the circumoral ring canal. Although I have examined many 
individuals cut in this way, I have never succeeded in finding in Crista- 
tella this closing "QuerbrUcke"; but in both young and old specimens, 
lections nearly corresponding to Kraepelin's Figure 72 show a perfectly 
uninterrupted semicircular space surrounding the oesophagus, and own- 
ing freely into the coonocoel on each side of the brain (Plate IX. Fig. 78, 
«?». ere.). I must therefore conclude that in Cristatella the fluids of 
the cavities of the circumoral branch of the ring canal, and therefore 
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of (he tentacles also, nre in free communication with tbi fluid* of to* 
common IhkIv cavity. An Figure SI, Plato V., ilinnn, llil ruiajsrtaT loss 
of the Hug canal* open into a, pair of cavities which are the Inm «f lb* 
loplv tphoric pockets, mid by a com pari sou of Figure* 61-69, an. «ne. an, 
err.', Pluto VI I., it will become apparent that t bey each 1 i i mil mwllil 
with n furrow which passes tip the luphuphore arm, and from whwii tU 
outer lophophoric row of tentacle* is developed. Further, by a e**> 
parison of wn. ere.", can, ere.'", in Figures fil-63, Mate VII. (d*itn» 
sinistral vertical sections), and Figure 50, Plate V. (hocinintal Ma, 
compare also Fig. 52, a sagittal suction), it will \m ma that *fc*B 
the tip of the lophophoric arm n groove (out. rrc.") ntuasr* il»au ■»«• 
the side opposite to the oscwnding grooTo (earn. err.'\ and, mduof lfc> 
bnac, turns abruptly anteriorly (raw ere.'". Pig. fiOJ, *u>I finally, at 
a later stage, becomes confluent with ila fellow of the opposite •*> 
in the niedinn plane just behind the c pi ■ tome and above the brai*. 
It would bo quite unnecessary for me to give figure* attiiai»g At 
course of this an preganglionic canal (of. Fig. 52, Plate V.). It hat 
long I teen recognized, and is abonn in KraepeUn's ('87) Foron- ft, 
Tuf. II. This is probably what Vorworu ('87, pp. 114, 113. Ftp Ma, 
'JO b, Taf. XII.) hat described aa a "segmental organ." ttraran (>*», 
p. |T8) ha* given to it the name "Gobclkanal." Tltc " ftingk***! " U 
Nitache is, then, to my mind, merely the cirrumural port Mm t/ipan 
which in elsewhere unclosed to form a proper canal and whwh bnal 
the base of all tentaelea. My reason for avoiding another lrn» far tie 
iincnelnsnd portion of the "c.uiml" i*. thnt I regard the whole m Boa* 
phologtenlly equivalent to the ring canal of tiyninohvmau, wlae* ■ 
■aid to tie el.wed throughout, 

2. DartepmtAtoftJU lapHa p tol* — The early atairea in th* fur»*» 
lion of this organ nre well known, both from the description* of NitaaW 
(*75, pp. 3f.7, 358) and the earlier ones of Allman and other*, 

I have nhnidy (page 114) shown how the cavities of the lapis******* 
pocket* haMBM confluent lielween the rectum and gwiuchon. *nd its* 
ibeir opposed walla, formerly pnastng over iiitu each other throafk ifc* 
fl<»>r of ibf bruin, ore now nnteriortr cnntinuoiia by mean* of tb* *•* 
Boot of the ntrium, and posteriorly am fused together. 

The union of the inner layers of the two opposed walls of the •»•*» 
pboM oiii" il'lato V, Fig, 14, InpA.' ) continues, however, fur sorat €» 
lunee abort the Hoof of the ntrium, up to within a short distance if aW 
tip- of the young anna fl'late VII. Figs. 61, 62, Jop*.'). A* list ani 
grow longer, the relative ettcut of their free and fused portions ras**** 
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approximately the same. The free ends of the arms are shown in 
Figure 99, Plate XI., just above Ivph!. The polypide figured here is 
ouly slightly older than that of Figure 77, Plate IX. The connection 
between the two arms is not one of contact merely, for in the region 
of fusion one can count roughly three layers of nuclei, whereas each of 
the two free portions of the same cell layer contains but one layer 
of nuclei (Fig. 99). 

lie fore the atrial opening is formed, a separation of the two arms 
begins to take place. This process commences at the base of the arms, 
and proceeds upward as the tentacles of the inner row successively 
reach a certain stage of development. As the work of separation pro- 
gresses, the cells of the connecting band lose their capacity for becoming 
stained and appear vacuolated. The vacuoles increase in size until the 
connection botween the arms is reduced to a series of fine threads 
(Plate VIII. Fig. 75, lophJ), which are probably sundered when the ten- 
tacles of the inner row (can. crc", Fig. 76) bend at right angles to their 
former position to become parallel to those of the outer row. In at- 
tempting to find an explanation of this process, it must first be ascer- 
tained how the arms of the lophophore grow in length. One is perhaps 
inclined to think of a terminal growth, but this does not take place. 
So far as I can judge from an examination of many longitudinal sec- 
tions of the arms, cell proliferation goes on throughout the whole length 
of the arm, and with nearly equal rapidity in all parts. The distance 
between the centres of the terminal tentacles is about the same as in 
the case of the more fully developed proximal ones, but they are closer 
together in the young arm than in the adult one. This being the case, 
there ought to be as many (incipient) tentacles in the young as in the 
adult, and I find that to be, so for as I can determine, very nearly or 
exactly the case. 

The horseshoe-shaped lophophore being characteristic of the Phy- 
lactolieinata, a study of its development is important, since it may be 
expected to throw light on the phylogeny of the group. We have in 
Cristatella, Plumatella, and Fredericella, a series in which the arms of 
the lophophore are shorter and shorter, in correspondence with other 
changes, by which is effected a gradual transition to the Gymnolccmata, 
which have a circular lophophore. In Gymnolncmato, the ring canal 
lies at the base of all tentacles in the adult The anus lies outside the 
circle of this canal. The brain lies within the lumen of the canal. 

Nitsche ('71, pp. 43-45) has given the best description extant of the 
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development of tbe lophophore in flymnolnmatn. At a Tery earlj 
stage, tllO rudiments (if the tentacles, ho m;*, am •Mil lying IS a 
I .'-shaped lino, surrounding At mouth in front, but unclosed U 
The wituu in trim Tor Pnludiccllii (Korolneff, '75, p. 3*1). TV* 
oral tentacles luako their appearance at tliu posterior five ends U tV 
row or tentacles. They arc limit slightly downward, uiulub 
cea lit! by the tentacles above. At a Inter stage, the tentacle* lyioe 
next to tin.- mi us gradually Oofs*) to lio nearer to tbc anal aide nf IW 
mouth opening, the nearly parallel lateral rowa lose their 
a upon rau ce, and a circular baaiu in formed whose wall* arc 
by the corona of tentacle*. 

In IVdictdlinu (HnUehek, '77, pp. 020, 521) the tentacle* an* a 
6vo pair* of papilla like processes in the upper part of the alnvm. 
Two additional pairs arc formed later nearer the anal 
adult (Nitache, '09, p. 21) the tentacles are arnuwd 
symmetry, and no that the plane of symmetry paiw-a through two .a' r 
tentacular spaces, which am thus the only unpaired spaces; tbey a*s 
also much broader than tbc otlicrs. 

One might be inclined lo ask by what mud ifira tutu af (be esnditis* 
of the tentacles in KmloprucU we may suppose the mnditnui 
priH'tn to have arisen, but tho question is nut a fair ana, I km 
already (page 127) shown that the young bud of f'nstatclla has 
points of similarity to a well advanced Kndoprnct Tbta sitailarirr 
lends me ti> the conclusion that tho common ancestor of the Foi- 
proeta and I'hyhictoltt'niatu more nearly resembled tbe former than tat 
Utter tyTunp. Hut the K rid o proeta are nut that mmniM anoesUe, 
rather they nro themselves more or less modified descendant* ■*" * 
'i'lii- proper iuipiiry is. To what ancestral relation between tentacles «■*■ 
anal opeotas dooa o comparison of the ontogeny of Endopmeta 
EctojmWU |>>int, and by what modifications of that ancestral type 
the two divergent types of the present l>c derived I Eliminating Sri 
moment the evidently nrnogonetio character of tbe lopho{<hure ana, •* 
early *tage »f cither Eadoproot*. or Ectnprocta reseuls a t'-abaped 
friu which tentacles are t" arise. This band completely enciieiss ifct 
mouth, and jmsses peattfforfj as far as the anus. Tliis 
at tin- EndapiMt bud, with only five of its seven pairs of UrnUcka 
Wmed ; it is also the condition of the (VialatelU bud of Staft MIL 
(i-nnif an' FigS. 1 y. 4-1). Starting from this common condition, tbat si 
the oilult KndopriMrt, on the one band, wan attained by the additte* at 
two pairs of tentacles posteriorly, thus nearly completing tft* ores* 
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behind the anus. The condition of the adult Ectoproct, on the other 
hand, was reached by the curving oral wards, and the meeting of the 
free ends of the rows of tentacles between the mouth and anus, thus 
fthuttiug the anus outside of their circle. In evidence of this latter 
assertion, I submit the following comparative statement 

As Nitsche has shown for Gymnolseraata, the tentacles on the ring 
canal are first arranged in two rows, placed bilaterally, and meeting 
in front, but not behind. Later the hindermost of the tentacles move 
forward and toward the median plane, thus completing the circlet of 
tentacles at a point behind the mouth, but in front of the anus. I be- 
lieve the c i re u moral ring canal plus the early invaginations of the lopho- 
phoric arms in Phylactolcemata to be homologous' with the ring canal 
of Gymnolsemata in its early stage ; like the latter, it is closed in front, 
but has two free ends behind. The difference lies in the greater devel- 
opment of the posterior ends of the canal, which latter have become 
thrown into a vertical fold to afford space for more tentacles. At this 
stage of development it would be difficult to say whether the anus 
opened within or without the corona of tentacles. Ab in Gymnolajmata 
the circle is completed by a movement inward of the posterior tentacles, 
so in Phylactolsemata the corona of tentacles is completed in front of the 
anus by the two anterior processes, can. crc. w f Figure 50 (cf. Fig. 44), 
of the lophophore arm, which come to unite just behind the epistome, 
Figures 52, 81, can. crcJ" The lumen of this process of the lophophore 
arm thus forms that portion of the ring canal which, as I shall Bhow 
directly, is the morphological equivalent of the most posterior portion 
of the ring canal in Gymnolscmata. The tentacles which arise from 
this portion of the ring canal are ontogenetically, and therefore phylo- 
genetically, the youngest. As in Gymuolamiata, so here the moving for- 
ward of the most posterior tentacles obliterates the basin-like floor of 
the atrium, such as we see in Endoprocta, and leaves the anal opening 
far outside the circlet of tentacles. 

The answer to the question, How may the horseshoe-shaped tentac- 
ular corona of Phylactolsemata be homologized with circular ones? is 
involved in the answer to the preceding query. Nitsche (75, p. 357) 
believed the lophophoric arms to bo "primary tentacles," and the 
tentacles borne on them to be secondary tentacles, " Gar nicht ohne 
Weiteres mit den Tentakeln der Infundibulata von Gervais zn verglei- 
chen." The only evidence which he offers in support of his theory is 
the fact that the tentacles on the lophophore arm arise later than the 
inn itself. 
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The iciitneles of WiylnH i ■! | : tributod I 

The first inchnh-s tfa«M which, iiriw from the circu moral 
ring canal. The ring canal, from which they spring, begins to U fcra*d 
nt Mad] ilif same time as the l' pbophcrki "in*. The** tentaciet «* 
Mill" u 1 ■ t ■ ■ ■ 1 1 v homologous Willi those of tin? tame regi-Mi to KodofOasta 
tad ( .vii i in 'I. i'ii i :ii. i. ! In itoond group of tmtack-s include* thtmr ■ !,: t 
■it bona upon the topbopbor* una ami upon the sjipragnaghorae nor 
i'uiiiI Are those cm para bio with the posterior tentacles of C j ajssilai 
ninttt 1 I believe they are, mul for the following teui' 
reason (or aapporing thai thay an not la mattlafiwl i j . -mce, if ■* re- 
gard 1 tin' lopbophon araa in mere upward fold* of the wi.ll uf the ri»f 
canal, wo should Mpaot to havo tho tentacle* arise later than tW wth 
The fact tliui tbi twtoalai of the lophopbore arm arise much later laao 
those of the cireninonil region is what we sh.ni 1.1 expect, sine* ibr j*» 
taflat tanttalaa arfaa Inter loan the eircumond one* in botb Ko Jo pwa u 
.iii.l iIyiuti.'I.i ni.t.i. — ii .'i iLirii.ni which Ilatuchek ('77, p. Ml) has 
already Applied. In direct a upp or t of mj belief are toa t. 

mul in continuous along two aides of the lophopbore an* 
■Moil miiiihl ba the case if thoj were mere upward folds of tlw *«Def 
the ring ennui ; (!') the structure of tlm tentacles it (he Sams as thai 
i.f the oral ones, mul iln> rtUtlOO of th.-ir intirtenUeuW sept* to tW 
ring canal of the arms is the same as that of the sept* of lb* oral lao* 
taclea to their ring canal, an Kraapaifo (H7, pp. M, M) has alio**. If 
both eiri'iini'nil and taphopbork tenl 

i in, n luive only in connate* of an elongiitiMi of tb* poenoo- 
lateral angles of the tophopOJ lain, after tba t***f* 

of llit poaterior tmitaclea, to effect the nn.iiti.ai wax*, at 
hand in 1'hvliietnheiiinla. 

The nci. ' on of the lophophore arms h diOemk *» 

I "i find a pbykapnaur 

explanation for it, bj iiftiaad tip* or the arms in Chsav 

tella a* bomologoaa aritfa tha abort arms of Krrdericrlkt. In Mwt;a*J 

■here the length of the lophopbore' inm n »l# 

' wmo that of I 'n : ■■ in beans**) 

tn find no trace uf this fusion, li doas nut, booonr, in I'rrtipa f tw 
I have hail nn material of Lophi II M important t* atady 

i Inn [ i- ii tit The evidence so for seems to indicate (bat this fuoiaa eft** 
arms during the period of their devnlopment is a secondarily a 
adaptation to some condition concerning the nature of \ 
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3. Development of the Tentacles. — Nitsche (75, p. 359) observed that 
both layers of the bud went to form the tentacle in Phylactoleemata, 
and that the inner layer was derived from the outer layer of the polyp- 
ide ; the outer, on the contrary, form the inner cell layer. He states, 
moreover, as already mentioned, that the oral tentacles arise first, then 
those of the outer row of the lophophore arms, of which the basal are 
fully formed before the terminal ones. The tentacles of the inner row, 
he says, are formed last, and in A ley one 11a are yet lacking when the 
polypide is first evaginated. 

My own observations confirm in general those of Nitsche. The long- 
est tentacles in a polypide of about the age of that shown in Figure 77, 
Plate IX., are those arising from the region of transition from the circum- 
oral ring canal (can. crc.) to the outer lophophoric ring canal (can. crc. 1 ). 
The tentacles lyiug near the median plane, and in front of the mouth, 
are somewhat shorter than these (75 /a: 52 /a). The tentacles situated 
near the proximal extremity of the inner lophophorie ring canal {can. 
ere.") are still shorter (50 fi). Those situated at the tips of the lopho- 
phore arms are at this stage about 30 /a in length. The tentacles behind 
the mouth, arising from the supraganglionic part of the ring canal (can. 
crc.'"), are shortest of all at this stage (15 /a). 

The two layers which, as we have seen, go to form the upper wall of 
the ring canal in all its parts, are the ones which give rise to the ten- 
tacles. In Figure 74, to. 1 , Plate VIII. (compare Fig. 51, ta.') t young oral 
tentacles are cut transversely at different heights. The ci re n moral part 
of the ring canal is seen at a point (can. crc.) near which it opens into 
the cavity of the lophophore arm. The plane of the section passes ob- 
liquely upward and anteriorly from this point. The most posterior ten- 
tacle in the lower part of the figure is cut at the base. The calibre of 
the canal (including its walls ) is evidently much enlarged at this point. 
The enlargements of the canal at the base of the tentacles are seen also 
in Figure 78, can. c/r., Plate IX. The more anterior tentacles in Figure 74 
tfoow the two layers well marked, but as yet enclosing no lumen. Since 
the tentacles arise from the ring canal at intervals only, the ring canal 
it a tube (or groove) whose lumen is alternately constricted and ex- 
panded laterally as well as vertically. The lumen is, indeed, often so 
small between the tentacles that the ring canal appears divided into 
separate chambers by a series of transverse sept®, which, however, are 
always penetrated by an opening (Fig. 78, can. ere.). Figures 73 and 77, 
la/ v show, in longitudinal section, successive stages in the development 
of the oral tentacles. The formation of tentacles begins by a rapid cell 
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prol tfemtirm nt intervals in the upper wall of the ring canal ; lU ■ 

projection i« formed at each of these points, which constantly 

to form the- tentacle, Figure* 70 and 69 (Plate VII.) 

sections of two later stages iti tbo development of tentacl**. The tnawr 

layer, ex, (Fig. TO), become* gradually thinner as tbe tentacle pni 

older, and its cells finally become thread -like (Fig. GB, rj.). 

Figure 81 (Piute IX.) shown thu arrangement nf the U-ntades afaoal tW 
mouth and over the ganglion in a young poljpjdo. The aitpngufjkafc 
part of the ring canal is cut tangential ly just behind tbe epistame (m 
t.'"). I have often noticed that, in polypidea of about the ag» of that 
of Figure 77, or older, certain of the nuclei aeeu in a cross aecticn af s 
tentacle stain more deeply than the others. Those nuclei ar* itfoalit 
two or three in number im each of the lateral surfaces of the- Untada*. 
They are evident in Figure 81. I do not know what this dil f i re m ■ 
atiiuiing properties eignifiea Vigeliua ('SI, p. 38, Kip. 33) drarriW* 
and figures a conditiou of the nuclei in Flustra, aa aswn on unaa e utai 
which is similar to thai just (Inscribed. The deeply staining aodn ■ 
Flustra lie on the inner face of the tentacle, are larger than tbe other*. 
and belong to colls which possess no cilia. 

Nitache ('71, p. 4.1) dMBrlbsd the development of the tentacle* t* 
Flustra ns though they were derived exclusively from tbe innar hy*n rf 
the bud ; but liepinchoff ('7fl', pp. 138, 130, *J5\ p. 132) showed that ■ 
Cheiloatomea l>oth cell layers of the bud took part in their formal** 
rod he figures itn early stage wliidi h tprfrt similar to my F.gure Pft 

4. /irnf/npmml if the I^iphnpAiiric JVrrwi. — It has long been known 
that a large nerve pisses along tbo middle of the upper wall of ear* 
lopbophore arm, connecting proiimnlly with the coitps ponding aide rf 
the ganglion. No observations have been made, so far as I know, cpo* 
tbo origin of this organ. Kvidcntly there are, it priori, two poaaibibtiri 
Either (I ) the homophone nervo is formed by a direct outgrowth <* 
Ihi! ga ii gin «t, or (L'J it nriaea in place from the inner layer of tbe hod. 
ahiih, since it bore forms the outer layer of tbo lophophoric pocket » 
the snme «s thut from which the ganglion itself is constructed. By s 
careful study of tins nerve in many stages of development, and from see 
tious in different directions, I have come to the coneluaion that it areas 
ris an outgrowth of the walls of the ganglion, and that it penetrate* 
between the outer hi id inner layers of the arm. 

The fails which have led mo to this coneluaion are thee*. Firat, dar- 
ing tbe formation of the brain, soon after its lumen is cut off from rli 
oouiiectiou with the atrium, its cells licgin to divide rapidly (Plate ? 



MUSEUM OF COMPAKATIVE ZOOLOGY. 137 

Fig. 51, Plate VII. Figs. 63, 68) ; but that the new cells so formed do not 
all remain in the brain is indicated by the fact that the brain does not in- 
crease very rapidly in size. (Compare Plate III. Fig. 19, and Plate IX. 
Fig. 77.) This rapid cell division would be inexplicable upon the as- 
sumption of an origin in situ. Secondly, at an early stage the lopho- 
phoric nerve is already seen extending from the brain to the adjacent 
iuuer layer, with which it remains in contact. A longitudinal section 
through the middle of this nerve shows a prolongation of the lumen of 
the brain exteudiug into it, so that its upper wall passes directly into the 
upper wall of the brain, and its lower wall into the corresponding part 
of the central organ (Plate VII. Fig. 68, lu. gn. f n. loph.). The proxi- 
mal part of the lophophoric nerve is thus to be regarded as a pocket of 
the braiu. The existing condition is not what we should expect if a 
cord of cells derived from the outer layer of the lophophoric arm had 
secondarily fused with the brain. Thirdly, I have never found any good 
evidence that cells were being given off from the outer layer of the arm 
at its tip to form the nerve, where we should look for such a process, if 
anywhere ; on the contrary, the nerve is quite sharply marked off from 
the outer layer at this point, as will be seen by reference to Figures 64— 
67 (Plate VII.). These iigures represent successive transverse sections 
from a young lophophore arm of about the stage of development of that 
shown in Figure 71. Figures 65-67 were drawn from one arm in about 
the position indicated by the lines 65-67 in Figure 71. Figure 64 was 
drawn from the opposite arm of the same individual, and in about the 
region of Figure 65. In Figures 64 and 65 there is a small space be- 
tweeu the nerve (w. loph.) and the overlying cells of the inner layer (t.). 
This may be due to shrinkage, but in any event it indicates a complete 
independence between the two cell masses which it separates. Over the 
nerve the cells of the layer i are shorter than elsewhere. This might 
be considered as an indication that the cells had recently divided in 
order to give up cells to the nerve, which, on this assumption, would be 
formed in situ. Three appearances, however, indicate that the cells of 
the layer t. have been rather subjected to crowding at this point, as 
though by a mass of cells forcing their way between them and the layer 
ex., and gradually increasing in volume, (a.) The surface of the layer i. 
is raised above the general level directly above the nerve, (b.) The cells 
of the layer t. are somewhat broader over the nerve than elsewhere, and 
the nuclei are shorter, but thicker. These are the conditions which we 
should expect in an epithelium subjected to pressure by the intrusion 
of a mass of cells at its base, for in volume the crowded cells compare 
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fairly with tbcir neighbors, wh sneaa, it" tbej had by din 

■ , lln, llii'V should all bu Smaller, (e.) la FbjUfa 6T, n 
MOtiua immediately in front of tlio lulvtiUtiiug tip of the ncr-re, tl* p> 

. jM.in.liii;; i.. thai QppoMta the nerve in tho preceding mtasw 
is indicated by mi asterisk (_*J. Tim nuclei w livre uvwdvd lugilsni. 
iiidicuimy pressure. Fourthly, c 1 ■ ■ 

I n:t w.'t-ii tlii: iuil-Ili of thu ccll-i nf tin.' luver i. ill tm I 

BWn ™lls. This is not what DM WOllld KMM ttJMII tlio *MantuptK>a 4 

the Ibnmtioii uf th*. iwrn dimed* Iran the owning oalli 

loOgUndiul MOttoa through tlif yi"in« hipliophoric nerve (lisle VII. 
Fig. 71) Dhows « morn active coll division in it limn in tho «»IU of lbs 
arm (compare Fig, ii4, ». I'./'h \, iiml ii crowding together of nuclei rf 
the outer layer of the arm, ■, at its distal cm), mil. it titan a [i -ijj- sf 
nuclei into tlio nerve. 

Tin' coMfaaien t.> which I have arrived from considering these fcwu 

ii [h;il tM pmptml MTPMM tylcm in /Viy/nrfu/arsMllo! aruti /mm tW 
bWIS "5 «'i outr/ruiellt of itt tnttlt. 

3. l)rvrlapmri>t uf the K/iiffomr. — The Cpistome til regarded be 

Lankestor st one time (74, p. 80) a* hnmnJugoas with Um k-A 4 

Molluscs, and on another occui<>u fWS, p. 434) u repreaentmg lee 

...if Annelids, — n view for which Caldwell fS3) first |ew 

iiiif'rvoli'^v. In tim of such diwr 

. naxi of an organ which is prawtblv a 

honiologuc, in quite aberrant genera, such «s I'tiorouis, Khabdoparsfs. 

etc., a owaftd <j»airrJt u desirable 

< gengtton is fully formed, its oral face remains in euetael 
in front with the posterior null of the ffiKiphsfpi* tl'l.ii 

r 77), ami on each tide with tlio outer wall of lb* laala> 
i- by means of tbe lupbopaurio nerves (Plate VII. Fig. *-\ 
a. topk.). The outtr layer of the hod putetntea lwt*ooi the gw*- 
(•ln-ti and rectum, l>nt not between the ganglion and tlio meopfcaga* 
(Fig. BI, # ). This layer ah,. . Im* 4 tu 

st no m above, t In- ganglion below, ami the lophaphena iktih is* his* 
xiile, list iug insdc its way in fh>m behind as a double re! I layer mmIsMM] 
a flat cavity (Hale V I, B2 P it \ I, Pig. SO, 
en. i *fm .). ' iowm by which Uw inntr Isys* 

come* t<i rnvelop the ganglion above snd behind differs i usslilinMj 
from Nitsche's, alroady quoted (page 114). As tbe gMarUon I n sw 
farther removed from the floor of the atrium, tbe cavity atwvw it («aa. • 
•1st.) fiilar^i-n, and tlio two lateral walls of this canal, each csiwipmssl sf 
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two layers of cells, both belonging to the outer layer of the bud, form the 
44 YerhinduugS8trang des Ganglions mit dem Lophoderm " of Kraepe- 
lin ('87, p. 63, Taf. II. Fig. 59, vs.). (See Plate V. Fig. 51, Plate VI. 
Fig. 56, and Plate IX. Fig. 80,*.) This canal is the only one by which 
communication between the body cavity and the cavity of the epistome 
can occur. It may be called the epistomic canal (Plate V. Fig. 52, 
Plate VIII. Fig. 72, can. e stm.). 

The epistome proper arises at the point where the epistomic canal 
ends blindly, above and in front of the brain (Plate VIII. Fig. 73, Plate 
IX. Fig. 77, c stm.) ; it is a pocket, the outer wall of which is contin- 
uous on its under surface with the oesophageal epithelium, and on its 
upper surface with the floor of the atrium. The growth of this organ 
is disproportionately great after the first evagination of the polypide. 
That part of its wall which is turned towards the alimentary tract is 
then much thicker than the remaining part ; it forms the posterior wall 
of the pharynx (Plate VIII. Fig. 72, e stm. ; compare Plate IX. Fig. 81). 
Is the epistome innervated by fibres from the brain, as maintained by 
Hyatt ('68, pp. 41-43)? I have not succeeded in finding such fibres, 
and the conditions of the formation of the epistome, cut off as it is from 
the brain at every point, make such a connection improbable. 

Allman ('56, Fig. 8, Plate XI.) and Korotneff (75, p. 371) have 
shown for Paludicella, and Nitsche ('71, p. 44) has shown for Flustra, 
that an epistome-like fold occurs at an early stage of development, but 
is absent in the adult. Such an organ has been described by Allman 
('56, p. 56) and other observers in Pedicellina, and it is still more 
prominent in Loxosoma, in which the relation of the epistome to the 
body cavity is similar to that in the Phylactolseraata. 

The constant occurrence of this organ in the development of Bryozoa, 
and its presence in so many aberrant genera which seem to be some- 
what allied to this group, can only be interpreted, it seems to me, as 
signifying that it is an ancient and morphologically important organ. 
The manner of its development in Cristatella seems to throw very 
little light, however, upon its significance ; it arises rather late, and 
does not become of any considerable size until the atrial opening is 
made. 

6. Development of the Alimentary Tract. — The later development and 
histological differentiation of the alimentary tract have not been hereto- 
fore carefully studied. 

At the stage at which we left the alimentary tract (Plate III. Fig. 19) 
ouly two parts were clearly differentiated, the oesophagus and the intes- 
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tiim. In the next Btage slmwu (Piute VIII. F14J. 73), further ctiMp* t» 
UN to I m vi! taken place. The muttt prominent ia lln iliian Milt if 
the low wiiil of the intestine nt it* middle region tu furm Iknt* 
Even at this early stage li into logical ti liferent iat 1011 >if the evils of u*> 
region has occurred to such uu extent that the lumen of the .0*1.1 ■ 
nearly obliterated by the great elongation of v.aio of the cell* liaiaf it 
Thin couditiou of uluura will l* understood by studying tbe en— m 
lion of thu weeum ut a later stage, an shown iu Figure 91, Plate i. 
The cavity of thu rectum hum ulao enlarged, and ite cell* bar* t*le» 
on the regular columnar »p|>ciu-nuec which exist* iu the adult. 

At a still Inter stage (Plate IX Fig. 77). the position »f the cards* 
ami pyloric valves, separating ixuipec lively the uwophagu* (v.) from tat 
stomach (yi.). and the ccocum (e<r.) from the rectum (rf ), is clearly m 
dilated. The blind sac ia atill further elongated and acll d> 
from lioth stomach and tectum. Iu order to atuiu the adult 
(Pluto Vlll. Fig. 73), thu oral portion of the alimentary tr»ct has utrrrri 
to bcwime divided, by n dill'ercuce 111 the character uf it* cell*, ml* 
pharynx (/''"•) n " 1 ' (esophagus («-), tbe stomach (5*1.) I«i iitum* » 
diameter, and tho blind sac (or.) to elongate. Tbe wut (1*.) fcasDj 
comes to lie at the apex of a email cone, or sphincter vnlr*. 

Tbe histological changes which the cells of tbe different pan* sf tW 
alimentary tract undergo are considerable, and will be Inatad af • 
order, I >egi lining with the 

(Kfrf^njut. — At n stage a little later than Figure 77, !)«■ «-*>|>t>**? ■* 
as is shown in Figure C -1, Plate X., has a small diameter relative to thai 
of the rest of tho alimelitary tract (of. Plato VIII. Fig. 7a, <r.), and its 
inner lining is composed of high columnar epithelium, like that of la* 
oral groove The slui|ie of tbe cells is not greatly different ill the adali , 
but they become vacuolated, and since these vacuoles lie near the hast 
of the cells, and either nearer to or farther from the lumen than la* 
nuclei, tho latter acquire that irregular arrangement referred to by 
Verwoni ('87, pp. 1 1 1 and 1 1 2). 

Sttimaeh. — Figure 03 (Plate X.) represents s section across tbe stomach 
immediately lielow tho cardino valve, from tho same individual a* ibat 
from which Figure M was tnkcit. The proximal ends of ail cell* sum 
more deeply than tho distal ends, but tho cells are all alike an far s* re 
gnrds receptivity to stains. Already, in certain regions, the cells ait 
higher or lower than the average, and have even begun U> group thr*» 
selves as tvpical ridge- and furrow-cells. Figure 62 is a section thnxtp* 
the same region as Figure 03, hut from an adult individual. Tbe ndjr 
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they am found on tbt> partitions immediately below the cola 
Still lnl._-r i I'M. \ I ».rrl.)irtuelh«niulUI> 

portion of Hi'- partition) am) linully (Ftg. M, w". rof., ■»■. »**.) they Bf« 

U Iwd to tho solo, ot Bomo ilmtaucr, it nuy bo, from the 
mdiul [until, m,. 

KtOB urines hi ouce, How do these change* of 

■ 7 1 1 iii:tT ti.il ibottl itmt the miiuu Btlwl 

iln'liiiui ini'l Uh mUi of tbkt poc tt oB of tin- f 11 tilt ntai which i» 
(a lb* roof in very alight after tho fiiiiiciilm lion poiaed to eutni 

ili'i' J.. -1 vpitle. Although occasionally I ban wb the ndk 
at tbt Bxed end closely applied lo the ralooie epithelium, tb« mIt 
aanaietkn between the two 1.1 usually effected by meone of «ini»i»J 
wit. (Plate ' mi.), i >u croea ewtUooe of tbe feed ^t 

of 1 in' i'ii m. nl us thaw oalli (Fig, 19, el mi.) w»iwo to ■orround n en 
a lonae layer, and in longitudinal sections soma of tha 
■ 

'in- . ■!-. lt 1 u of these cells, but they bavo the pus 
.Inch tin- liiruculu* wiu aidti 
hajflM tin- 1 nil in iinJmmd plug describe! I by 

11 of the fti nidi lua which aa 
tuo linn been suggested by the fucU given adjure ; n 
" migratory cells," bj which the luiui'iilus in nltai bed 

r Itnn^o their position, carrying witb them tbe fuukata- 
Betnembcring tlmt tho nuinK-irl in lilted witb a fluid in which i*e 
funiculus Himiu, and that by tlio growth of tho funiculus it 

. ahhoftgn itc truth mi 
tested by the study of preserved iwtlerinl. When tba liittindt" ha 
reached iu permanent position ita attnehmeut to the rack' sun epUha 
limn ik mure intiruato. Meanwhile tbe end attached to tba p w / ftii 
baa become tnore mid more attenuated (Plate EX. 1 
in tho adult, I have usually Im'n nimble to diaoover any eltadaML 
In any case, it must certainly be broken when the isdypid* Lrpas 
to dagMi 1 

I In' migration downward of tho end* of tho nuwW whir* aa 
' the partition is even rnnro difficult of explanation. DareSJ 
thia migration their jmtiit of origin seems to be In tha muacuUria nf nw 
partition itself. Tbe fixed point I tin' mniele m tbe adult la pewbeMj 
In the miiKiilun-. nf the sola, atinca I bate trs.nl muscl* Ahraa tbnega 
tho cudomiu ejulheli uiu, and tu Hie muaoularia (Ilato VI. Fsg. W, a» 
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ret J). The insertion is in the muscularis of the polypide (Fig. 56), hut 
I have not been ahle to determine the precise relation between the 
muscle fibres of the great coelomio muscles and those of the muscu- 
laris. A comparison of Figures 44, 59, and 56 shows quite plainly that 
both the retractor and the rotator muscles originate from a common 
mass of muscle cells, and become distinct from one another by a 
separation of their points of attachment to the polypide. The re- 
tractor muscles (mu. ret.) are attached to the oesophagus immediately 
below the ganglion (Plate IX. Fig. 78) ; the rotator muscles (mu. rot.), 
on the contrary, to the lateral walls of the opeuing leading from the 
ooenoceel (corn.) to the cavity of the lophophore arms. These two re- 
gions are near to each other in the young polypide, but become con- 
stantly more widely separated with the growth of the lophophore. 
Compare Figure 78 with Figures 74 (Plate VIII.) and 51 (Plate V.), 
which are younger stages, cut somewhat above the level of Figure 78, 
and more than twice as highly magnified. 

I have been able to obtain in thick sections various stages in the 
development of the muscle fibres, some of which are shown in Figures 89 
to 92 (Plate X.). In the earlier stages, all parts of the muscle cell stain 
uniformly in cochineal. Later, the cell body becomes differentiated into 
two portions, easily distinguishable by their different receptivity to the 
dye. The more retractile portion becomes greatly elongated, highly 
refractive, and incapable of being stained. A mass of indifferent pro- 
toplasm, including the nucleus, still remains stainable (Fig. 90). The 
undifferentiated portion contiuues to diminish relatively to the whole 
Bats of the cell, which has greatly increased in size, until little remains 
but the nucleus, placed on one side of the muscle fibre (Figs. 91, 92). 
Figure 92 is one of the retractor muscle fibres, in a partly contracted 
fete. The end placed uppermost in the figure was that which abutted 
upon the muscularis of the oesophagus. Its more intimate relation to 
the muscularis could not be traced. 

8. Origin and Development of ike Parieto-vaginal Muscles, — These 
consist of two seta, the lower, or posterior, and the upper, or anterior. 
The posterior arise earlier. At about the time when the neck of the 
polypide begins to disintegrate in order that the polypide may become 
•xtrusible, a disturbance is seen in the cells of the outer layer of the 
fcunptoderm immediately below the neck of the polypide, and in the 
Ofilomie epithelium opposite to them (Plate XI. Fig. 97, mu. inf.). As 
* result, several cells of each layer become organically connected with 
those of the opposite layer, and give rise to muscle cells. A later stage of 



~ 






144 BULLETIN OK THE 

such a process is seen at Figure 98. Itv tlie lime the atrial < 
established these cells have become plainly muscular ( I 'late IX- r 
Further u p in the initio of atluehiueiit of the kiuuptislerra to the n 
of I In: colony, the coduiiuu epithelium and the outer layer of the heal ■ 
both soon to be somewhat disturbed (Fig. U7, na. «.). Al difsse 
points, a single ope of these Musi reaches serosa, and later Imo 
ditlercutiuted into u genuine muscle coll (Fig. 119, mo. m.j. Of tW 
there may bo three row*. 

U. iiitiutrgwtUtn o/lhe ftat o/(A* foty/wlr. — The neck of the p 
ide, having fulfilled its function ns the moat important part of Uie at.il 
must now give way to allow of tho intrusion of too Dearly deveJofeaf, a 
ypide. Tin- first hnilinlim] of tin* process is the formation ■ithist t 
cell* of the tieuk of a secreted substance (171. trr.% apparently like the m- 
crctcd liodies of the ectoderm. "I'll is metamorphosis lint in Volvos the 01 
and middle cells of the neck only (Plate XI. Kip. il7, or*, i-»W.), U 
(Plate IX. Fig. 77, of. utr.) a depression occurs 111 the ectoderm. That m 
due, I believe, to a cessation of cell proliferation at the oniUv, ■ 
it remains active at tho edges of the netk. The depression g 
deepens until the atrium is closed by a thin In) it of cells uuly (Fig. HL 
The cells of the side of the neck do dot din integrate, lull gv> to lavas ti 
"Kandwulsl" of Kraopeliu ('NT, ft 40), "'" eella of this n\-tw man 
uumctaiuurphoaud. Ouly a thin layer of cells no* stands hctsretsi ll 
polypide uud the outside world. This ruptures, as is shown in rlpaj 
1*0. and by tho relaxation of tho museuhms, ahich it thickened sh- 
the atrial opening into u Ipblactar (r'ig. 98, yhl.), the poly pi Je » red 
to expand itself. 

Ml, thvtbpmni ••/ 'A* Hotly watt. — As already stated (page 117), 
Bracm twlleTM that the whole liody-wali in Alcyonella a aVriew 
the neck of the young polypide, after it has begun In ({ire I 
daughter polypide* ; and I have given my reasons for I-eheTiue. that ■ 
Cristatella a portion of it nt loast is derived from the tnarjin. 

In addition td this, colts are [iink.nhte.lly added to the body-** 

Bra slates, after the time of origin of the buds. Particularly after lis 

format urn of to* median bud, the neck appears tooontiDiie t< 
to the eel.Rlerm. Figure ":(.• 1'hite V1IL, allows such a mass of *•&■ 
[jitiT itagoa show that, these cells secrete a gelatinous substance artfcst 
their protoplasm {'■/. »«■.'. l'late \1. Fig* 97, 98) > they irradaaBj e> 
c reuse ui width and height from the nock outward (Fig*- 97-9V), at 
the same Nine banana more and more completely metamorphosed, 
result of the addition of these colls from tho ueck of the polyps]* ■<• 
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the body-wall at the region of the atrial opening to a considerable 
height above the level of that portion of the roof lying between polyp- 
ides. (Compare Fig. 73, Plate VIII. ; Figs. 98 and 99, Plate XI.) This 
method of origin of the body-wall is of much less importance in Crista- 
tella than in Alcyonella, since the extent of the proper body-wall about 
the atrial opening is much less in the former than iu the latter cose. 

The development of the gelatinous bodies deserves further attention. 
Kraepelin (*87, p. 24) concluded, from a study of the condition in a 
statoblast embryo, that they are formed by a metamorphosis of the cell 
protoplasm, beginning at the outer end of the cylindrical cell, and 
finally involving, in some cases, the entire cell, together with its nucleus. 
Some appearances which I have noticed in the ectoderm of Crist atella 
lead me to conclude that the origin is not always so simple as Kraepelin 
describes. Figure 79, Plate IX., shows at cp. «<?/*. a number of small gelati- 
nous masses occurring at various regions in the protoplasm. Such an 
sppesrance is quite common, and must be interpreted, it seems to me, 
as the formation of the gelatinous balls by an intra-cellular metamor- 
phosis of the cytoplasm. The balls, flowing together, produce the larger 
misses The metamorphosed matter from several cells may also fuse 
into one mass (Plate VI. Fig. 55, cp. sec). The final result of this pro- 
esst of cell metamorphosis in the ectoderm is a frame-work of old cell 
walls, having a thin layer of protoplasm and nuclei at its base, and in- 
dosing the great gelatinous balls. Such a condition exists near the 
centre of the colony between adult polypides, and is shown in Figure 100, 
Plato XL 

Summary. 

1. Most individuals give rise to two buds, of which one forms a new 
trench, the other continues the ancestral branch. 

2. The median buds migrate away from the parent polypide to a eon- 
aderable distance before giving rise to new buds. 

3. The descendants of equal age from common ancestors are arranged 
aoulaiiy in the same region of the colony. 

L New branches are formed upon either side of ancestral branches. 



5. The greater the difference in age between the youngest and the 
ant older bud, the greater the distance between the points at which 
tat? begin to develop. 

I In typical "double buds," both polypides arise from a common 
*ni of cells at the same time. From the neck of old polypides a stolon- 

'•m.- wo. 4. 10 



like process of cells i 
two eitrcme types, : 



tirLLETIS OP Till 



given off to form median buds. 
iMnndfita ■hmBMon uxor. 



7. The alimentary tract in formed by two out- pocketing* of tb« Ituwa* 
of the bud in the median pi ran c, one forming the uawutiagii*, tW otaer 
the rectum and stomach. Tim blind ends of the** two ftketi fuse, sad 
thus form a continuous lumen. 

8. The central nervous system arises as a shallow pit id th* Boor of 
the atrium; the pit becomes clewed over by a fold of the inner leys* 
only of the polypide, which thus forms a sac, the walla of which h inn as 
the ganglion. 

0. The kumptodorm arises by the transformation of th* colon*** 
epithelium of the two layers of the wall of the atrium into p***mujl 
epithelium. 

10. The funiculus arises from amoeboid cell* derived fnnu the 
epithelium. 

11. The retractor and rotator muscles arise together frum the 
epitltelium of both Imdy-wull and bud, and in the angles f-rw 
radial partitions and the body-wall. 

1 2. Tho wall of tho colony grows by cell proliferation at its manr 

13. The radial partitions arise as follows: certain rousd** <s 
luuscularis at the margin of tho colony leave the latter, and are eai 
Into the ccouuccel, taking with them a covering of aelomic epithelial 






JbttW 



■I. Budding in Oistatells presents conditions transitional la-t««sa 

i't rinil Btolontfemn budding. 

9. Thrmtghuttl the group of Bryosoa, the youngMt and nrtt >«Wr 

* are intimately related, and the place of the origin of tlie yi w afw 

i rcbitivdlv t« the older i* determined by a definite law. 

8. rristfttelU differ* from Aleyonclla in poaSBaaimi a rrj-inn rf l*» 

n y wall, — the tip of the branch, — which grow* independently af 

pulyptdin. 

*. Kai-h of the layer* of t ho younger bud arises from a part of t****** 

HMM U t tint alurli gm rise to the corresponding layer of th* tmJ 



The digotive epithelium and thi 
i. nc and the name layer of cells, the inner layer of th* bud. 
. The alimentary tract of Oistatull* at an early stage is si 

of n young Kndoproct. 
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20. Harmer's conclusion, that the ganglion of Phylactolsemata arises 
exactly as in Eudoprocta, is not confirmed. 



21. The "ring canal" lies at the base of all tentacles. 

22. The ci re u moral region of the ring canal in Cristatella is in free 
communication with the ccenoccel in all stages of development ; and not 
closed, as maintained by Kraepeliu. 

23. The two arms of the lophophore arise independently of each 
other. Their adjacent surfaces uudergo a secondary fusion, which per- 
sists until the inner row of tentacles is about to be formed on the lopho- 
phore. The two arms then become entirely separate. 

24. The ancestor of Bryozoa probably possessed a U-shaped row of 
tentacles, encircling the mquth in front, and ending freely behind near 
the anus. 

25. The tentacles near the mouth are phylogenetically the oldest. 

26. Both layers of the bud are involved in the formation of the 
tentacles. 

27. The lophophoric nerves arise as outgrowths of the central ganglion, 
which make their way into the lophophore arms. 

28. The epistome arises as a fold continuous with the wall of the 
ceeophagu8 below and the floor of the atrium above, and it communicates 
with the coenoccel by means of the epistomic canal. 

29. The ooecum of the alimentary tract, which occurs only in Ecto- 
procta, is produced relatively late in the ontogeny by an out-pocketing 
of the lower wall of the alimentary tract at the free end of the polypide. 

30. The funiculus migrates (probably with the aid of amoeboid cells) 
from the roof of the colony to the margin, or even to the sole. 

31. The " origins" of the retractor and rotator muscles migrate along 
the radial partitions from roof to sole. The separation of the two mus- 
cles takes place secondarily as their points of insertion separate. 

32. The parieto-vaginal muscles arise from the ccelomic epithelium of 
the body-wall and polypide. 

33. The disintegration of the neck of the polypide is begun by a meta- 
morphosis of the protoplasm of its cells. The metamorphosed cells 
break away, leaving the atrial opening. 

34. The part of the l»ody-wall lying around the atrial opening arises 
by proliferation of cells derived from the neck of the polypide. 

35. The ectodermal cells become metamorphosed by an intercellular 
wcretion of small " Gallertballen," which fuse to form the larger ones. 
Often the contents of more than one cell fuse into a single large mass. 

CANMttrtOK, Jnne, 1800. 
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Anal aids of polypide 

Atrium. 

Lophophore arm. 

King ennui, tin- union I 

King canal, outer lojilio- 

pliorie. part. 
Ring canal, inner lojilin- 

pboric part. 
Kit in ran*], ■iipra-KMri- 

gllonie pari. 
, Kpiatiimlo canal. 
1'iiriiv uf luplmphore 



Max-ularia 

tnferinr parWU-Tafimtl 
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ypi.l* 



Neck of polypi do. 
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Nuriewat Brattle n 
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(Eaopeafu*. 


Migratory colli. 


«/a*r. 


Atrial opening. 


Young mnaul* cell*. 






Coscum. 


Or 


Oral tide of polypkW 


rvtiocti-i. 


or. 


Month. 


Bacrvttd bodioi of ctto- 


pan. alt. 


Floor of atrium. 


derm 


pom-ju. 


Floor of ganglion 


Tutieula. 


p*r. 


lliarym 


Intrrtenlamlar ipptum 


fr* [» ■ I 


, Ac.| I'olyphle 


Radial «f [it 11 ill of colony 


pyl.Jil,. 


Daughter HjH'1* 


Ectoderm. 


pjnf. m. 


Mother polypi. 


Kpi.tom*. 
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Rectum. 


Co-biniic epithelium. 


•of. 


Hole 


Outer layer of bud 


q*. 


Sphincter 


KunU-ulua. 
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< >ral groo»e 


Stomach. 
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Tcnlacle. 


Ganglion. 
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Oral tentacle 


Inner layer of bud. 
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Roof of colony 
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W.JH 


Roof of ganglion 


Ilai'F of union of artnt 


rac 


Vacuole 
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" 1. Origin of tho itolon (I.) from (lie neck of • mother polyptde at ika 
Stago XII. (Fig. IB). Sagittal wctioo uf mother patyaaae- Tkt 
margin of tho colony i» to the left. X 890. 
I ljrlwi »togc in the origin uf ■ bud from ■ young mother paj j aah 
Sagittal M-i'tiun. Ms.rg.ri to left, x 890 

" t. Origin of a bud from a mntlirr polypkle of about the af* of thai of Flf X 
Sagittal wclliin. The margin of the colony i* la (b» ngBt of I tw t 
xSW. 

" u Sagittal motion of ■ douhW butl. Margin of colony to lb* Wit ■ •» 

" 6 Utar «Ug* In bud formation of lame type ■• pig I Sagittal eertam 
x 800. 

" T. A part of tin- righl aids of a polyplde of a etage of drirlopi a i l » an» 
dlate twt ween Ihoae of F1g>. 10 and 73. Seen from Uw aaaioat aaaa* 
Tlio rut aiirfare Ik-a to (he right uf ih* Hgiltal plane. bb4 pM 
through the orifice of the right lophophora arm. Tlie alimentary [tact 
tliui liei immediately abote the plane of tlie paper » 150 



, v 



1 *•„ :A7 













«**» 
















* 




ij 




- .—, 


■- '.M/-.. 




"'"-'""" *-*>,.._ ^- .„ 


.—/"" 


V- i '-~. s 


-■»£*■ ««■ 




>;- ' ■ 


' *, 




■«S<\ 




■ilji,^ 




^XtJt 


■1"' \TI. 


*-**' 









Ail lljjiirn I 



nagiiifknl Sin) dlanietrra, anil are from aegittal afliow. 






a ft Suae II in llu- name irrl« *• Fig 2. The funlcalu. /»■.. 
fartln'r frum tin- mother pnljpide. Margin to left. 
ft Sum- IV. Tin? inner layer, t, of die IraU I* Jeflnnelj lo™. 
external layer ia greatly Htwlb Margin lo left uf flgni 

10. .Stage V. The call*, ... hart arranged lhanm-lir* la * layer. 

tu fiirm an Invagination. Margin lo right, 

11. Stage VIII. Tin- Oral lrnhYaii<*i» .if the alimentary irart ■ 

denrvaainn In the inner layer, H, Tlw fniiiculua, H. /"»■ . 
In form, aa It indloated bf a ilialnrhanue uf the 
Daughter hiiil furnn Stage VI. in a teriea 
Margin to left. 



fatgtnautf with I, Tag 1 



II. Id. Siit'ci'aiJTe tUge* In llie formation uf llie alimentary irarv 
II Staga VI Tim two fell. layer* arc now definitely hum*!, ar 

liai begun to appear In llie inner. Margin to right. 
16. Rtago III b the .tnlonlferou. type ot budding. Stolon hat 

greatly, and act i if cull division it taking place at ill diatal 

iin.il ...1. 
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TLATK v. 
**<(•■ 4ft-4S at* four horiannul arctioi» of a polypiila of Htajrr XII | aaain g 
dirafUnn iailicatcrl by ih» linn DM.1, Fig Ift. x am 

" 44. 4fi are boriinnUl Mcllnna at a polipjdr nf Ktagr till Tha aVari 
tha culling plana* (■ lndlraiv-i by th« Unn 44, 40, Ft* 1ft x 1 

" 44-46. Sacijun* diroug ti th* rol|rra.i]nf «i0 of tha Awk^a. ahawuaf ia 
Una to tha) coaomlu opitrwllum of th* ro«* Tfc* ■ i — I— ■«■ 
•hn*n. Tli* arrow tuUfrat** iHractlon nf eaoUoa. x MB 

■ 4ft Tnnt'vnr taction through llic fonkajlaa, •boning (to low aaal 

erila. x 3W. 

■ 60, 61. HuriartnoU •nrttotw of ■ poWri.lr Jlfatlj raimpr Ihaa Maft XI*. 

Fig TU. (Hi1.aUt-qaw-ll.MM.Kig 60 taiwUM the rwif of law Mi*), 
and imimnluiHr aburv tl» faafUun.' Fmj U la tW ■■>—< a 
Wu*, an*l paaaa* Hiruiigli tlir middle ol tha 0k*flUaL «. Ml 
" U Sagittal taction of lh> mrlnn about tha brain of a pol'T'aa «■»■ 

ohlat than iliat ahown In Fig "7 Thu flpira U rarartnt n iafl'»V 

loFig.::. *ooo. 
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' v »:>:■ ii'i :"h;:";atk(1A 



Pi.iV. 



.. • *# / 




..*&.* V..' 












air. 



> ■.. 



... v. ■ 



v ■, 



•■' * 



- ■• * .. •' %•■ 



& ^ -■ -' 

■-■■• ■=-- V^V 



•i * 



4- + ■ ■ 



nut 

i . 



■v 
VS 1 



jV 



«- . 



,."■«»* . 






■-"/rt 
* ■■/" '•* ■' 



* % . • 



-^ .'. " ■• ■'• - 

... «.:»*■. 

■. '. •' .* .. '•-. 4 

' ' • ■ * .V. 

/ r <^ ,-;: .. ... * */,> 

. • • ■• '•' ' ' • 

'. SI ..•■■. 



■ 4 



■•■ **- 



4 

«■ 



.J/- 












■ •J* ■ - ■»*. 



V, S*- * " ■-■■".'J? " -■*■* *f'i. *' 

*■ nut — . ~ 



*. .• 






• .i: ,. ■ ' • '* .w*A« * - ■>— ' - r ' .. 

'i/.iV'A ili-fvr .\\,, '*' V* * ■"' . ■"- ■ 

i'. ■■ • r •■ . _., . ■_. .- ' f 

... -•■■ "IS ,.- •, 

■s r- • -. ■ * * • : ■ .■•"*'•■■ 



■"•"•. , * " r ■"' 



D 



• ■'■. ^ 









a/ 



., » ... 

■ ■. *.' 

tri.'! ;»j •* " . 



1;. r 

s ■* .-■■ ■ 

» • - t* 



' .«- » -"i- 



i"«T 



7 .,-.- • ; J4 



,•* '•■ 



iri .■■ 






«. 



K- : 



•».' 



^r. 



. -r . "L. - ' • * '* 



w.-f t 



•.. 



.'r 



n: 
* 






*» 



f- ■ . • 






.■-•.•■ - 



• •" F.Y -^ 









i "^ 



;,f,» 



*. • 



■ '•■. 



• ■ t. 



/ S ».- 






■ * .. 

• ■ 



» - ■■ . •!_ 

' '« * 

-. , . ■• * 



■'/ 



,' ■ /.**.' 



.-»•■ 



.t 

t- '.V 



i. 



• V, 



• • 



'V, ■ 



• «■ I 1 



.p « '• • 

>■ 






4 

« 



■*" * *■' 



• 1 



1 A" 









'■■■* ■*» 



■ ' - . - • • ■*.* ■ 



.\\ 



• » - ■ 

. fr ' . * ^ • * 



.1*:' - 






■V 






PLATE Vlt 

V\f. Bt-W Tltw» Twliflal rif»it*eiM»fi wctluna of mid* |«l/l*** H 
I anicrlorljr About Slag* xlv - l*»* I'. ■' 
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position of Ihv ring usual, run. c*.', ant ■> 

■ 62. Section jaat puticriot to anal opunlng, tinman <r\ 
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- flU tertian through ganglion, •hutting rwl; tug* ■ tmmml k m W kapa» 
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H» mart.il 'it. Fif. Tl. • IO0O. 
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PLATE VI. 

Fig. &>. Young funiculus, showing its connection with polypide. x COO. 
" 54. Origin of muscles. The section passes diagonally across n partition at 
the left, <Ii jwy>. r , and cuts the polypide tangent ially at the ricrht 
x 390. 
55. Section including a radial portion, showing the position of the muscles in 

the partition near the margin of the colony, x 890. 
50. Section through the retractor and rotator muscles of a polypide of about 
the age of that shown in Fig. 77. x 300. 

57. Young funiculus', whose upper end is free from the ccclomic epithelium of 
the roof of the colony, x #90. 

58. Section through the sole, showing the relation between the muscle cells 
and the muscularis of the sole, x GOO. 

50. Section across a radial partition, and both rotator and retractor muscles 
which are migrating from the roof to the sole. "< 390. 

00. Section at right angles to the wall of the colony, showing the elongated 
and unmetamorphosed cells of the margin, x 390. 
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Up. 51-03 Tbrw (eniual riglmn J-loli aacUooa of «• BtljiHi *•*••■* I 
jn*l*rl(ir vn<l •ntrrtorlj. About Slag* XIV. (lis TB. flMa VI 
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" 41. Saotiun through. Ittphnnlior* annt, allowing thait faaaoa, Haa*.-, anal 
pmltlun of the rin« canal, run. or.*, n» m 

™ tt- Svollun Juit poftariut tn uiil oprning, •limine "1 

" n. Hoclimi through ganglion, (bowing early • 

pbiirtc iwrxi. |«rt» uf the ring canal, and young |i 

" IM llmwllia of loph'iplmr* arm. near tennlnalkni of jm 
pin--- MW <H, H| Tl. • 1000. 

- IVHfT Thrw lucreailTf aavajayj through rnJ of lofUinpawrr nam ■ 
gton* marked flii. OU, anil 67. Fig Tl Tbaa. I|»m an has 
iu» inditiilual a> rAg M, bin from the nfipnatw bipan p> m 
x 100ft 

" IK Varllual right ami left auction through gangtioa of an Hailtrtawal d, 
}"iun(*r than Pig *I, -bowing origin of mrnit* liy cntfgr-wta -4 
walla of tl>c ganglion, with an n Ion. inn of ihi> luiwn nj rh* li 
* 000. 

" 09, Til longitudinal arctiona of two .Urbi in (lie iletrliipim-nl of • trai 
Fig 70 being the younger. « m». 

** Tl Section through ganglion aiul growing lophophiire nrrta >:«*» 1 
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I'l.ATK VIII. 



F* 71 S^litel hoUob of • 



a vluJl poljpld*. TIw lophophor* haa baaa> aaaM 
OalllMa with camera lutfda. KVIat pal in ft** hand. « IT*. 
' 73. 8a«,Ual aMtloo of bod. Sl*#. XIV TUa marfl- at «!••, •■ ■ 
* KModvranl rail* dtrftad frum ni-ct at puttphla. » 9H 
74 Nearlf hontontaJ •n.ltoa uf ■ bad a UiUp nklar tfcaa thai afcaaufcfl 
Tfl. Th* plana .d awttan pu*n obllijaolf Bpward aad l-mard T 
tvoUclra an rui *l dlftwnani hriglita x 380. 
li Tfmna'riw aoeUun uf lophuphor* araw bKurv aanonttoa TkinnBM 
band, 'if A ', 1* rvdocad tu Umadi. Tim pulrptda haa alrvad; mnt 
naiad Tba atvtlini flruird la Ilia arfanlb rrua iW dntal aaat ti • 

Til TraniTrne avctlon nf l«ph<tphoH> anna i 
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PLATE IX 

I 77 Hag-mal Mttion through ■ polypid* «' •«*«* U» »«■* ■!■■'' ■ ft 
tuu alu-ady begun m (arm. x 890. 
75 ll»ri*onul m-tiMi ihruuirh tli* i-lK-mnorul part irf tin ri»g bmI. ™ 
•huwuig It* trea uoinmuuicaUuu with ilw w wl |.— i 

It IK, 

1 T9 Vrnlnal auction through the roof of ihe oJonj (to the left) m 
kimptmUrm |M> Ilia tight), t having their connectkn by tfc* i 
p»n.tihT»inn»l touaclua (as- ■»/) a* u Mrif *Uf» of (hear ■ 
mrni. >: (»J0 

' BO nohwinul -rUon In poaLtkn narked 80. Fig. 71, llik VIII «l 

eplitnmlc canal, «» • •>■., and mpra-fanclicinic part at tu>( 
01.1. rrr."' X 31)0 
' hi Section cultinR lophophoro at bear ut tentacle*. The arm nf Ih. 

•iilv uiily i> tliown entire Slage of r'ig "7 • 176 
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Tnipirprir Motion of itoroach of mlull potypUa. .r IM. Gwafan 




Flu. 113. 
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Trai»w» r*Wl«nof proilmal part of oavtaa. of mh 1b4I*UmI • 




.if Ife «!. x HW. Cf Flfr W. 
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Ttmtimm Mf*ttal of •nuphatfu* of ■ polyj.Uk *ba«a atrial ifH 




jiui fcnad x sea 


- n. 


Trunmrw utiinn of III* carum of an ailatl fttjpHa iwt Ik 




r< [trinity, x 35*). 
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Virtual MWltiiu ai-nia* ■ nulial partition •( Mi juiwiW wkk i ilaaj 




X AMI 
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Hnrianmal urtlim of nulla] part! linn at lu joortlna wiifc almtf 




KMOl 
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Small polon* of CHiutrtU. drawn from trananarrM . fc)rt, iLh* 




rpiilet In nptWI oi-tinn at .llfli rrnt (oral piaon v rim M 


" »-0i MdkIo flbraa in ruocMtv* lUgH of imtanwl, ftvm Ifatci 




Uoiu. M ago. 
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TruMima Hrtion of aimnatb of tint umi pnlipiiW at thai fna ■ 
Flir M »ai taVrn, renniantlne. tlirrvfur* a I laialnalaMl •..■ 
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PLATE XI 



Kin 07 -BI» Vvnlcul wciloni. 

■if tlia rvuf Id lofra the ■ I rl»l 



ilw aUfM l> *• 



J cfw n tmf. if. ttn, wd it inh f ■■! 

p«rnjtu-T«gtn«l iduwIh. m TOO. 
L»ir iU(< In llic <lci*lopnirnt of iW •cmlrou. «fco»ta« U* u 
minliAt-atlun brlwcrn wlult ptiljpliW • JSO. 
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No. 5. — The Eyes in Blind Crayfishes. By G. H. Parker. 1 

Ik the fall of 1888 Mr. Samuel Garman placed at iny disposal several 
crayfishes 2 which had been collected by Miss Ruth Hoppin in ttie caves 
of Jasper County, Missouri. The specimens were given to me with the 
suggestion that I should ascertain the extent to which their eyes had 
degenerated, for, judging from external appearances, these organs had 
become as rudimentary as the eyes of the blind crayfish, Cambarus 
pellucidus, Tellk., from Mammoth Cave. In order to establish compari- 
sons it was desirable to study the eyes in C. pellucidus, and for this 
purpose specimens of this species were kindly furnished me from the 
collections in the Museum of Comparative Zoology. These specimens, 
as well as those collected by Miss Hoppin, were preserved in strong 
alcohol. My study of this material was carried on in the Zoological 
Laboratory of the Museum, under the direction of Dr. K L. Mark. 

Notwithstanding the general interest which zoologists have shown in 
the blind crayfishes there have been very few publications on the minute 
structure of the eyes of these animals. The earliest contribution to this 
subject was from Newport, who, in discussing the ocelli of Anthophora- 
bia, incidentally described the structure of the eye in Cambarus pellu- 
cidus. According to Newport's account ('55, p. 164), the eyes in this 
species would seem to be only partially degenerated, for although the 
retinal region is not pigmented, the corneal cuticula is nevertheless 
divided into irregular facets, or " corneales," as they are termed, " and 
the structure [hypodermis] behind these into chambers to which a small 
bat distinct optic nerve is given." 

The second investigator who studied the eyes of blind crayfishes was 
Levdig ('83, pp. 36 and 37). The material which was accessible to him 
was unfortunately so poorly preserved that it was of little value for his- 
tological purposes. He nevertheless satisfied himself that the cuticula 
in the corneal region was not facetted. He also quoted from an abstract 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
Zoology, under the direction of E. L. Mark, No. XX. 

1 These crayfishes had previously been submitted to Dr. Walter Faxon for 
^termination. They have since been described by him as a new species, under 
*he name of Cambarus setosns, an account of which will be found in Mr. Garman 's 
r, **nt paper (*89, p. 287) on "Cave Animals from Southwestern Missouri." 

*ol. xx. — ho. 6. 
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of Newport'* paper, to the effect that Ihe eye U " ohne Horohait. ftp 
roenl mill Ncrvenatiiba,* 1 The. phmae ■ ohne Huruhaut 
licee, that nfattttnl cornea in not pmnil ; at least i 
.nt, 'C|.ii ininiH placed on it by Uydijr, Tor the iguoutioai ia 
lowed hy thin aeuteuea: " Durt wo man eme gefehtaie Cornea 
hat if inn < ; l ] r Ti ■ 1 • !> « KrgeJi |f)gl lioh ft BmbI BOH .Icr Bj| 
lwhcti iieni-haff.-nheit" There ww greater reaeon fir Leydi**a 
that ha could Dot oonautt Newport's original paper than Lcyda* 
appreciated ; for, although ho probably had no roaaun to cotaaVirr the 
alaUract, incorrect, if hia quotation fr»m it ia exact, it differ* at 
una reaped from Newport'* account. Nuwjwrt deaenbed the ot 
facetted ; Leydig'a quotation from the ahatratrt atetea thai it araa aat 
fnttntted. I havtt lieeu unable to diemrcr where tliii abetraft 
liihril, hut, aidde Leytlig quoin directly from it, the pntbahalitiee w 
that the dincrnpaucy between his quotation and Newptort'e ailiiaJ aMe 
inetit ia to be attributed to an ernir in the abstract. Aajde froaa the 
difficulty, it mint bo borne in mind that Lrydia; and Newport in that 
obeonraiioni on the Cornea by do mown agree | for while Newport waly 
daaoribaa the cornea aa facetted, Lnydig atatea from hia own ofaaene- 
ttona that it ia without taenia. According to La? dig, then, ike rn 4 
C. pellnddua ia mora completely degenerated tlian the ottnitiai 
of Newport would lead one to anppoec. 
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fully developed eyes the stalk is terminated distally by a hemispherical 
enlargement; in the blind crayfishes it ends as a blunt cone. This 
cone-shaped outline is especially characteristic of C. pellucidus (Fig. 2). 
It will be observed that in this species the optic nerve (n. opt.) termi- 
nates in the hypodermis immediately below the blunt apex of the cone. 
In C. setosus (Fig. 1) the termination of the optic nerve is also at the 
apex of a blunt cone. In this case, however, the axis of the cone does 
not coincide with the axis of the stalk, as it does in C. pellucidus, but 
the two axes meet each other at an angle of about forty-five degrees, 
and in such directions that the conical protuberance at the distal end of 
the stalk is directed forward and outward from the median plane of the 
animal. The protuberance is rather more blunt in C. setosus than in 
C. pellucidus (compare the regions marked r. in Figs. 1 and 2). 

Through the kindness of Dr. Walter Faxon I was enabled to examine 
two specimens of C. hamulatus. In this species the stalks also termi- 
nate in blunt cones. They are not so pointed as in C. pellucidus, but 
approach the more rounded form of C. setosus. 

The three species, C. pellucidus, C. hamulatus, and C. setosus, are the 
only blind crayfishes thus far known in North America, and, as they 
agree in having a conical termination to the optic stalks, a peculiarity 
not observable in crayfishes with functional eyes, it may be concluded 
that the conical form is characteristic of the stalks in bliud crayfishes. 
Unquestionably, this conical shape is coupled with the degenerate con- 
dition of the retina. ' 

In describing the finer anatomy of the eye it will be more convenient 
to begin with the condition found in C. setosus. Figure 1 is drawn from 
a longitudinal horizontal section of the optic stalk in this species. The 
plane of section passes through the region where the optic nerve and 
hypodermis are in contact. This region (Fig. 1, r.) corresponds to the 
retina of other crayfishes. The optic stalk is covered with a cnticula 
(Fig. 1, ct.) 9 which is of uniform thickness and which resembles the 
cnticula of the rest of the body. In this respect the stalk differs from 
that of decapods with well developed eyes, for in these, although much 
of the stalk is covered with ordinary cuticula, the retinal region is pro- 
vided with a thin flexible cuticula. This has been named by Patten the 
corneal cuticula ; it cannot be said to be differentiated in C. setosus. In 
optic stalks with functional retinas the corneal cuticula is usually 
facetted, but in C. setosus no indication of facets is discoverable. 

The undifferentiated condition of the cuticula leads one to antici- 
pate a simple condition in its matrix, the hypodermis. The latter is a 
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eonl inuoua layer of Dells ( Fig. 1 , h-L ) with iU itiaLal far* appBadl to tlM 
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ernatacm {a derived front tha bvpoderroi*. In 0. artoana that a.«i*o* 
of the bypoderniia from which the retina would ha dewed ia itmlj 
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llV|H. 



The foregoing nen.n 

vnli"li< -II three m.li. 

from the tip ..f the rim 






nidi 



rllt i\j«-tt till iiretiliipnmilig optic nerve . hul 

i nan «t met nre wbieh had retained that po* 

of the I'll 1 in I'. M-tiMim ih IkuvtI upon otare 
mil- ,.f thin api-ciea. Tux of theae meaaurei 

oil to ll 11.1 of the telaon. H en.. ; (he tk.nl 

iiidiiiduaU the oyea pruaenled e*aenti*ll_T lk* 



/"V 



I 



MUSEUM OF COMPARATIVE ZOOLOGY. 157 

same condition. Figure 1 is taken from one of the larger individuals. 
In this specimen the cuticula was somewhat thinner and the hypoder- 
mis rather thicker than in the other two. This I believe was due 
to the fact that the animal had recently moulted 

So far, then, as the eye of C. setosus is concerned, although the optic 
ganglion and optic nerve are present, the retina has undergone a com- 
plete degeneration, and is now represented by a layer of undifferentiated 
hypodermal cells. 

The eyes of Cambarus pellucidus present a somewhat different condi- 
tion from that described in C. setosus. A longitudinal horizontal sec- 
tion of the optic 8 talk of C. pellucidus is shown in Figure 2. The outer 
surface of the stalk is covered with a cuticula (ct.) of uniform thickness, 
and there is no indication of facets. Excepting at the apex of the 
stalk, the hypodermis (hd.) is composed of a remarkably uniform layer 
of cells. As in C. setosus, it is bounded on its deep face by a deli- 
cate basement membrane (mb.). Both an optic ganglion (gu. opt.) and 
nerve (». opt.) are present, the latter being connected with the hypo- 
dermis. In all these respects C. pellucidus resembles C. setosus, but 
when the retinal part of the hypodermis in the two species is compared 
a striking difference can be seen. The retinal hypodermis in C. se- 
tosus (Fig. 1, r.) is, as we have seen, substantially like the remaining 
hypodermis of the optic stalk. The retinal hypodermis in 0. pelluci- 
dus (Fig. 2, r.) is much thicker than the hypodermis of the stalk. With 
this thickened region of the hypodermis the optic nerve is connected, 
and there is no question, therefore, that this thickening represents the 
rudimentary retina. Omitting minor details, the form of the thick- 
ening is that of a plano-convex lens, the curved surface of which is 
applied to the concave inner face of the cuticula at the distal eud of the 
stalk. The optic nerve is attached to the central part of the flat face 
of the thickening. 

When the retinal thickening is carefully studied by means of radial 
sections, one can see that it differs from the neighboring hypodermis 
not ouly in thickness, but also in the fact that it contains two kinds of 
substance: a protoplasmic material uniform with that of the rest of the 
hypodermis, and a number of relatively large granular masses (Fig. 3, 
&*). These granular masses contain two, three, four, or sometimes five 
nuclei, and nuclei are also to be found scattered through the undiffer- 
entiated protoplasmic substance. The nuclei in the granular masses 
*w slightly ■mailer than those in the surrounding portion of the hypo- 






GiTLLnnx or TBI 



dennta | tbey are, morooror, round in outline, while the other Macau ar* 

iimmlh Himuirluil clutiptleii. The tamo feature* can be ol 

tagntial aootinna (I'tK. B). Hero, buoator, th« out lines of ' 

niicb'i tm I ■ i i > ■ j i ■ r ii[i|H:,r uvul, ainnr three nuclei are n>iw 

plant, at right angle* with their rloiigiiled un, Tim uuchH t* tea 

hypodermia which nfljoiua the retinal llntlnmiiijt 

uvid uiicli't of tbi' Uiickouinit. Sow-hero in the adjoining In 

have too granular mwi with their •waller uuclel bm oUcnrJ. k 

la therefore clear, that In C pcllucidua the retinal njrpudcrmta ie oW 

ttOfuiahed from tba neighboring hypoderaiia, not only by ha gnat* 

ihlokncaa, but aha) by the fact that it u compnaed of two kind, af »*■ 

•luiice, ciu'h with it* ipmiid form uf uuckioa. Sue* tbe 

materia] of tin retina) region contain* nuclei which rtwtutde thsi of 

I liu aurroundiDg hypwIermU, tt la pmhahle that i 

be] '.-.ill run* which baa fFiiinliinJ unmodified after tba 

of the eraixiltu- bodice. An ibuwu in rjjturo .t, the irrenular 

the moat part limited to the drenvr jxeii-m of the retinal tbi 

tbe oval nuclei occupy the more anpernelal part. If thee* and *e*aa 

lepruaant undifferentiated hypodermal oelle, it at only natural that th>; 

abunld ooenuy a aujwrhtnal p.»il ton, fi * It ta there that Uie funrta* 4 

and) oella, namely, tbe ar-crelion of eu lien la, cuidd be inuat adtaeae- 

genuely rarricd on. In taiifrential aentiuae of the nrtineJ tbkaaanac 

I" ith thr nuclei of the nnnlnVrenUahfd hypodrrmta and the antthea - 

the fella t<> winch tb.-y U'|..ti K lire limtiiigimdiiililc ( fig .'* >. I line «:i. 

when compared with th.w ft-nm the hv[K.l.<rmin .-f tl..- .,.!., of the atali 

(lit;. 1) are arm to W much humlk-r'than tl,.- latter. Like tl..-' fne 

tin* kidfH of the Hilda, however, llicv preaeut 110 dclimlc ft>'tij.i« 

Thin aiii.vdn willi tin' fm 'I dun the iiitnulii prrmul.-d n<< *}••■. il iiurt 

tni.li. mit'li iik fuivtfc, etc.. for Niii'h marking i--.il 1.1 of course rv»ult wJ.i 

from w>ni.> ojM-finl KriMipint; of the mm-luiii cella. 

[1 ii .lirli. 'iill to mv ul,,! (],,' gnuiulnr I-hIioh with tl.eir routaat-! 
mi, I,, m.' l>,.nl.!l.'« tli. v nnrcaent homil' element in tl..- retina, ftt* 



thi' ntiwi i 


a i 


mi I. 




hi 


r k-n-h ^ 


f.,]]..»,: lirst, 


ten 


.11- 


in tbe i-ott..- 


1 1, 


|..lmi* 


h-llll.' x>'r.'l>d 


r<« 




m'«,.|U d.nt 


ilv 


l*h>a ia> 


: third. (»,. 


pirn 


ii'iii 


flK the .1 


■tnl 


rrliaala. 


U. l-.-irth. -. 


.-I. 


it:m 


nt.-.lk the 


pn. 


.inal rri>- 



MUSEUM OF COMPARATIVE ZOOLOGY. 159 

pigment-cells, all the cells in an ommatidium are ectodermic in origin ; 
the accessory pigment-cells are probably derived from the mesoderm. 
Of these five kinds of cells, the granular bodies probably do not repre- 
sent the accessory pigment-cells, for in fully developed eyes the latter 
lie on both the distal and proximal sides of the basement membrane, 
whereas the granular bodies are found only on the distal side of that 
structure. The granular bodies, then, more likely represent one of the 
four remaining elements, all of which naturally occur only on the distal 
side of the membrane. It is not probable that the granular bodies 
represent the cells of the corneal hypodermis, for these produce the cu- 
ticula of the retinal region, and if they have any representatives, those 
representatives must be the distal layer of unmodified hypodermal cells 
already indicated in the retinal thickening. The position of the granular 
bodies, therefore, precludes their representing corneal hypodermis. If 
then the granular bodies are not accessory pigment-cells nor corneal 
hypodermis, they must be either distal or proximal ret inula) or cone- 
cells. In a previous paper I have given reasons for considering the 
proximal and distal retinulee as both originating from a commou group 
of cells, the retinuhe. These are essentially sensory in function, as con- 
trasted with the cone-cells, which are merely dioptric. The question 
then narrows itself to this : Are the granular masses clusters of dioptric 
cone-cells or sensory re t in u he 1 

In determining to which of these two groups of cells the granular 
masses belong, the relation which the latter sustain to the fibres of 
the optic nerve would doubtless be of great importance, for the nerve 
fibres in fully developed eyes are known to terminate in the retinulae, 
not in the cone-cells. Unfortunately, the histological condition of my 
material was such as to preclude the possibility of determining this 
question. 

The fact that each granular mass contains several nuclei clearly indi- 
cates that it consists of several cells. The number of cells in each 
mass, judging from the number of nuclei, varies from one to about five, 
the more usual number being three or four. When one compares the 
condition of intimate fusion which the cells of each mass present with 
the normal condition of the retinulee and cone-cells, the masses must 
certainly be admitted to resemble more closely the cone-cells. More- 
over, the number of cells in each mass, although variable, is nearer to 
that of the closely united cone-cells than to that of the retinulee. Not 
only do the number of cells involved and the intimacy of their fusion 
favor the idea that each mass represents a degenerate cone, but the 
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granular substance of the mass also closely resembles the granular ma- 
terial of a cone. For these reasons it seems probable that the granular 
nucleated masses in the retinal region of C. pellucidus are the degen- 
erate representatives of the cones in normal eyes. 

The fact that, of all the ectodermic elements of the retina, only the 
granular nucleated masses continue to be differentiated, throws them 
into strong contrast with the surrounding structures. The retention of 
these masses may mean that on account of their extreme differentiation 
they have had time to respond only incompletely to the influence of 
degeneration ; or it may imply that phylogeuetically they were among 
ttie earliest retinal structures differentiated. Admitting them to be 
degenerated cone-cells and merely dioptric in function, one can scarcely 
conceive how they could have been differentiated before the sensory 
cells which they serve. But even if they cannot be regarded as more 
primitive structures than retinulae, their retention still may be signifi- 
cant, as an indication that the ommatidia of primitive crustaceans con- 
tained cone-cells as well as retinulee. 

Former studies have led me to believe that the difference in the 
ommatidia of various crustaceans could be explained on the assump- 
tion that the number of elements has been gradually increased from 
lower to higher forms by cell-division. The simplest conceivable rep- 
resentative of an ommatidium in the Crustacea might then be a sin- 
gle cell. This would be of course a sensory cell; by its division, 
the more complicated ommatidia might subsequently be derived from it. 
In such an event, the cone-cells must be modified sensory cells; but 
the fact that these cells persist in so rudimentary a retina as that of 
C. pellucid us points rather to the conclusion, that they are probably 
almost as old, phylogeuetically, as the retinulae themselves, and that 
primitive ommatidia consisted of at least two kinds of cells, sensory 
cells or retinulae, and cone-cells, derived not from degenerated sensory 
cells, but from the undifferentiated hypoderrais. 

As I have already shown, the results which Newport, Leydig, and 
Packard arrived at are not always in agreement. This might be ex- 
plained by the fact that the organ under consideration is a degenerated 
one, and consequently subject to considerable individual variation. This 
supposition, however, is not supported by anything I have observed. 
The preceding account of the eye in C. pellucidus is based upon the 
examination of three individuals. These were respectively 6.5 cm., 
5.6 cm., and 4.4 cm. long. Figure 2 was drawn from the optic stalk of 
the shortest individual. In all essential features the eyes of the two 
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other crayfishes presented the same condition as that shown in Figure 2. 
In the specimen 5.6 cm. in length, the granular bodies were less dis- 
tinct than in the other two, but they were nevertheless recognizable, 
and the retinal thickening was as pronounced in this as in either of the 
other specimens. The fact that these three individuals show so little 
variation leads me to believe that the condition of the eye in the blind 
crayfish is not so variable as I at first supposed it would be. The same 
constancy is also true of C. setosus. Hence it seems to me improbable 
that the differences between Newport's observation and those of the 
later investigators are due to individual variations in the specimens 
studied. The fact that Newport's work was done before the develop- 
ment of present methods of research offers, I believe, a more natural 
explanation of some of his results, than the supposition of individual 
variations. That the methods of his time were imperfect is evident 
from the fact that Newport himself seems to have overlooked the gan- 
glion of the optic stalk, a structure readily discoverable by means of serial 
sections. (Compare Newport's Figure 13 ['55, p. 102] with Figure 2 in 
this paper.) Ley dig's observations, so far as they extend, are fully con- 
firmed by my own. Packard's account differs from mine in only one par- 
ticular, but that is of considerable importance ; he states that there is 
to retinal thickening in the two species studied by him. This difference 
may possibly be due to individual variations in the crayfishes. Unfor- 
tunately, Packard does not state the number of specimens which he 
examined, and consequently one is uncertain how much weight to give 
to his general statements. 

The conclusions to be drawn from the foregoing account may be 
•ummarized as follows. In both species of crayfishes studied, the optic 
ganglion and nerve are present, and the latter terminates in some way 
not discoverable in the hypodermis of the retinal region. In C. setosus 
this region is represented only by undifferentiated hypodermis, com- 
posed of somewhat crowded cells, while in C. pellucid us it has the form 
of a lenticular thickening of the hypodermis, in which there exist multi- 
nuclear granulated bodies. These I have endeavored to show are 
degenerated clusters of cone-cells. If Packard's observations are correct, 
the retina in C. pellucidus may be reduced in some individuals as much 
as it is in C. setosus, which I have studied, but my own examinations 
do not render this view probable. 

Camwdgb, February 24, 1890. 
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No. 6. — Notice of Cdtamocrinus Diomeda, a new Stalked Crinoid 
from the Galapagos, dredged by the U. S. Fish Commission 
Steamer "Albatross," Lieut. -Commander Z. L. Tanner, U. S. N., 
commanding. By Alexander Agassiz. 

[Published by Permission of Marshall McDonald, U. S. Fish Commissioner.] 

In 1887, Professor 6. Brown Goode, Acting U. S. Fish Commissioner, 
was kind enough to invite me to join the "Albatross" at Panama, and 
to take part in the dredging operations to be carried on between that 
port and the Galapagos Islands. 

I always hoped to have the opportunity of comparing, at some time, 
the deep-water fauna of the Pacific side of the Isthmus of Panama with 
that of the Caribbean, and to see how far the parallelism which has 
been traced between the littoral fauna of the two sides was carried out 
with the deep-water fauna. Unfortunately, I was unable to avail my- 
self of this exceptional opportunity, although Colonel McDonald, the 
U. S. Fish Commissioner, detained the " Albatross " at Panama to allow 
me to join her at the last moment. 

To have thoroughly dredged the line from Panama to the Galapagos 
would have been to collect material for the solution of many an inter- 
esting problem in the geographical distribution of marine animals, to 
sa j nothing of the rich harvest likely to have been gathered, when 
dredging in a district so prolific as that of the Bay of Panama, in 
shallower waters; and if the haul made at Station No. 2818, off In- 
defatigable Island, is at all a measure of what we may obtain in the 
way of novelties, the naturalist who is the first to run that line may 
be prepared for remarkable discoveries. 

In addition to the Stalked Crinoid 8 collected by the "Albatross," 
which the Fish Commissioner has kindly placed at my disposal for 
study, he has also intrusted to me the Echini collected by the " Alba- 
tross " on her voyage from the east coast of the United States to San 
Francisco. The route she followed was about the same as that taken 
by the " Hassler," and the material collected differed but little from 
the collection made by the latter vessel. The Echini were more nu- 
vol xx — ho. 6. 
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on the aual interradii. The stem was somewhat curved at the upper 
extremity, the terminal joints expanding slightly to form a continuation 
of the outline of the cup of the base of the calyx. The stem tapered 
very gradually, and in its general appearance recalled that of Apiocrinus, 
expanding again towards the base, the root of which, however, was not 
obtained by the "Albatross." The stern is cylindrical, without cirri. In 
the upper third the joints are alternately ribbed transversely, or even 
ornamented near the base of the calyx with more or less prominent 
tubercles, as in Millericrinus. The uppermost joint is convex, and in 
the space left vacant between it and the central part of the basal ring 
a small lobed delicately reticulated pentagonal disk was found resting 
upon the upper face of the " article basal " of De Loriol. This is prob- 
ably a modified anchylosed infrabasal ring, which may or may not be 
resorbed in older stages of the genus. 

There are five distinct basals in one of the specimens ; in the second 
their sutures can fairly be distinguished, while in the third they were 
completely anchylosed, much as they so frequently are in Rhizocrinus. 
As in Hyocrinus, the basals are about half the height of the first radials ; 
the second radials cut deeply into the first radials. 

The stem of this crinoid must have attained a length of from 26 to 
27 inches ; the height of the calyx to the interradials is T 7 ff of an inch ; 
its diameter at the inner base of the second radials is }£ of an inch, at 
the height of the third joint of the second pinnule 1 inch, at the level of 
the proximal face of the radials f of an inch, and at the level of the su- 
ture of the basals with the uppermost joint \ of an inch ; and the length 
of the arms is probably about 8 inches. 

I propose to name this crinoid Calamocrinus Diomedte, after the ves- 
sel which discovered it. I have to thank Colonel Marshall McDonald, 
the U. S. Fish Commissioner, for the opportunity of studying this 
crinoid. With his consent, a detailed account of Calamocrinus will 
be published in the Museum Memoirs as soon as the plates can be 
prepared. 

Caxbeidgb, November 28, 1800. 



No. 7. — The Origin and Development of the Central Nervous System 
in Limax mazimus. By Annie P. Henchman. 1 

' For several years the origin of the central nervous system in Mollusks, 
both as to method and time of appearance, has been a matter of contro- 
versy. It has been of especial importance to determine from which of 
the embryonic layers its parts arise, and to ascertain if its development 
throws any light on the relations of Mollusks to other important groups 
of the animal kingdom, particularly Worms. 

Since the observations of the earlier writers, down to about 1874, were 
carried on without the aid of sections, their conclusions do not merit 
that degree of confidence which is to be accorded those who have availed 
themselves of this means of study. 

Most of the later authors agree that the central nervous system arises 
from the ectoderm, either by an invagination, or by a simple local thick- 
ening which later becomes detached. However, Bobretzky ('76, pp. 162- 
169), — the first to use sections, — while conceding that in Fusus there , 
tie invaginations of the ectoderm to form the sense organs, concludes 
tbat the supra-cesophageal and pedal ganglia arise from the mesoderm, 
and Butschli (77, pp. 227, 228) is inclined to believe that the same is 
true in Paludina vivipara. 

Von Jhering (74, p. 321) claims for Helix, and both Lankester (74, 
pp. 382, 383) and Wolfson ('80, pp. 95, 96) for Lymnaeus stagnalis, 
that the central nervous system arises simply from a thickening of the 
ectoderm. 

Fol ('80, p. 664) has since pointed out, however, that Lank ester's con- 
clusions are based on an erroneous interpretation of cells (" nuchal cells' 9 ), 
which he believes are not at all nervous in their nature. They are the 
**me cells which Wolfson has called the embryonic brain ; but Wolfoon's 
°pinion, previously stated, has reference to the definite nervous system, 
°ot to this so-called embryonic brain. 

Haddon ('82, pp. 368-370) believes that he has seen the rudiments 
°f the cerebral and pedal ganglia of Nudibranchs in the form of thicken- 

1 Contribution* from the Zoological Laboratory of the Museum of Comparative 
Zoology, under the direction of E. L. Mark, No. XXI. 
vou xx.— no. 7. 
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Thus we find that, of the authors cited, Bobretzky, Butschli, and 
— as far at least as regards the aquatic pulmonates — Fol consider the 
central nervous system as originating from the mesoderm. Rabl is a 
little doubtful as to its mesoderm ic origin in Bythinia. Rabl, Fol, and 
Salensky are the only investigators who consider any portion of the cen- 
tral nervous system as arising by invagination, and then only in certain 
Gastropods. 1 

The following observations were made upon embryos of Limax maxi- 
mus obtained from adults kept in captivity. Under favorable circum- 
stances, they lay abundantly during the latter part of September, and 
through October and November. After numerous trials, the best method 
found was to keep about twenty-five or thirty in a large tin pail, the 
cover being perforated with small holes. Instead of using moss to se- 
cure the necessary moisture, the slugs were fed upon lettuce or cabbage ; 
the latter is the better of the two. This food affords at the same time 
sufficient protection against desiccation, a suitable retreat for the slugs, 
and a place where they may lay the eggs. It should be changed every 
other day, — every day if the weather is warm, — and the pail should be 
washed thoroughly each time. One of the advantages of using a tin 
vessel is the ease with which it may be kept clean. Cabbage will keep 
longer than lettuce, and the slugs lay more abundantly when fed upon 
it The eggs were generally found in the morning, sometimes at night, 
in bunches of from thirty to forty. They are more abundant at first 
than after the slugs have been kept some time in confinement; it is 
therefore better to obtain at intervals fresh supplies of small numbers 
of slugs than to procure a larger number at one time. As soon as 
found, the eggs were removed to a watch-glass containing water ; this 
was placed in a tumbler already about half filled with moss or moistened 
paper, having a perforated tin cover. The eggs must not be allowed 
to become dry. For a few days they should be carefully examined under 
a microscope, every twenty-four hours or oftener, and all those which fail 
to develop should be removed at once. In the course of a few days these 
ean be readily detected with the naked eye by reason of the greater 
opacity of the eggs, and the presence of a whitish spot in them due to 
the disintegration of the embryo. 

1 The brothers Sarasin, in later researches in Ceylon ('87, pp. 59-69) on a spe- 
cies of very large Helix, find that there are (100 invaginations of the ectoderm on 
each aide of the head to form the cerebral ganglia, and Kowalesky ('83*) had found 
several years before that there were in Dentalium two deep invaginations, one on 
each side. 
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over the embryo, being drawn off like the finger of a glove. In the 
older stages, not much care is necessary, because the embryos bear with- 
out injury considerable handling, and there is so little albumen left that 
their position is not readily changed while the membranes are being re- 
moved. When freed from the membranes and as much of the albumen 
as possible, the embryos are to be returned with a large-mouthed pipette 
to the chromic acid (0.33%), where they may be left for an hour or 
two ; after washing in running water for two or three hours, they may 
be carried up to 70% alcohol by adding to the water, drop by drop, 
35% alcohol; then 50% alcohol, etc. This dehydration must be made 
very carefully, to avoid shrinkage. The embryos are extremely deli- 
cate, and must be handled with great care through every step of the 



In using Perenyi's mixture, it is best to free the embryos while living 
from the surrounding membranes and the albumen, removing the inner 
membrane under clear water. When set free, they should be trans- 
ferred at once with a pipette into a dish of Perenyi's mixture, where 
they may remain from two to three minutes. They are then to be washed 
thoroughly in distilled water at least five minutes, put into a 5% aq. sol. 
of alum for thirty minutes, washed again in water, and finally car- 
ried through the grades of alcohol as in the chromic method. It is 
necessary to remove the embryo while living, because otherwise the 
albumen becomes in this reagent like a jelly, and cannot be removed 
without injury to the embryo. Material designed to be sectioned must 
not be left in alcohol longer than a month, since the albumen in the 
nutritive sac gradually becomes too hard to be cut, especially if pre- 
pared in Perenyi's mixture. The stages from the tenth to the sixteenth 
day can still be used, even if they have been thus overhardened, by re- 
moving the nutritive sac; but in the younger stages this is apt to 
destroy the embryo, and in the older ones — much of the albumen hav- 
ing been swallowed — its removal is still more certain to have the same 
effect. Attempts subsequently to soften the albumen by prolonged 
treatment with weak acetic acid proved to be only partially successful. 
If the embryos are to be kept at all, they should be left unstained ; 
bat the safest way is to carry them through to embedding as soon as 
possible. 

They can be stained whole ; but to do this successfully, they must 
be carried gradually through successively weaker grades of alcohol until 
a grade corresponding to the stain is reached. It is advisable to make 
the necessary steps from the stain to the parafine as quickly as possible. 
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Suiuing with ptcrocarminatc of lithium haa the advantage of mrmt 
tint*, lino* it acta nt|inJl_v. — the older apecimuu* requiring only mm er 
two hour*, Hid yonugcr from hntf an liour to an hoar. A few (Tank* ef 
picric avid may lie added to the dehydrating alcohol* which Mbf the 
ataiu, in order in prevent the total citrautiuu of the picric acid, and u> 
coiiacqutmt ihanppenrajicu uf tba yellow color fnun lti« nerve fibre*. If 
tins object in too deeply sullied, the differentiation of nerve 
not ebnw well ; the nerve fibre* outfht lo be yellow, the 
nuclei pinkwh red with a yellow tinge, and all the other 
red. Aa thii and Ciuker'e cochineal are both aqueoua dyea, the 
tuatenul ia apt to muooRite in them ; neither does it stain aa wall aa 
them aa in alcoholic Uonu -carmine. 

The oblort.forni method of embedding in parafin* waa need eiduaaverr 
When the embryo hna been trauafumol by the well known method to a 
vial coutaiuiiut chloroform, the vial ahuuld be placed uncorked on the 
water-bath at .'■ft" to GO" C. I'endeut spoons In tlie large cap* an n*t 
very serviceable, aa the Wet jar send* the object* off, and it n almost 
ttupoaaible to recover them from the bottom of the cup without mjwr; 
It ia better to have ready on tho bath an empty warm gU*e dtak — a 
common salt-cellar ia very good ; alao one tiled with pan 
■uulla at about CU* C The embryo* are to hv left in the 
only aa long a time a* ia necessary fur them In eink, and are 
transferred with the chloroform to the empty glaaa diah. The 
ia best nimlu by menus of a worm pipette, if the einhryo* are small 
Cold aoft pnmtiue ia then added, n small pi.ro at a time, uut.l to* 
chloroform hua so thoroughly evaporated us lo lenve no trace ..f ita odi«. 
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remain from fifteen to thirty minutea. It i» iiu|K>rt»ut t<> handic lb* 
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very apt to become brittle if aiibjii'ted to the heal too long. Tlwj 
ehould U cmlieddcd within an hour or an hour and a half from it* 
time they are first put npun the Inlh in the chloroform. It u«p» 
Cially daiigcruiia to nllow the purntino In harden about the cnibnm be 
fore the latter ia finally embedded, U-cAuao upon the rvmelting J tbt 
paralim* the object ia almost certain to full into fragments, uaiu; I. -M 
great delicacy. 

The vmU'dding, especially for the younger stage*, mnat t* d-m* &a 
der a Ion*. It ia tuoet convenient to into a diaaectiug microscope, is* 
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stage of which should be kept warm. I have found that parafine which 
melts between 50° and 52° C. is better for embedding than that which 
is harder, for the latter is liable in hardening to cause the embryo to 
crack. 

Sections from 10 to 15 ft thick, and in the oldest stages even thicker, 
are better than very thin ones. 

The central nervous system of Limax consists of four pairs of gan- 
glia, — namely, cerebral, pedal, pleural, and visceral, — together with 
one abdominal ganglion. To these more central ganglia are joined in 
addition a pair of buccal ganglia, and one mantle or olfactory ganglion. 

To summarize briefly in advance my conclusions : The ganglia arise 
separately. The components of three of the five pairs are joined to- 
gether later by commissures. Secondarily-produced connectives 1 also 
servo to join the cerebral ganglia to the pedal, the pleural, and the 
buccal ; the pleural to the pedal and the visceral ; and the visceral to 
the abdominal. The growth of the ganglia is rapid; they are well 
formed, and in their ultimate positions by the sixteenth day. The prin- 
cipal changes from that time until hatching, eight or nine days later, 
are increase in size, and modifications of the histological conditions. 
According to my observations, all the ganglia, with the possible exception 
of the pleural, are derived directly from the ectoderm, — the cerebral in 
part from invaginations, the others exclusively by cell proliferation with- 
out invagination. The cerebral ganglia are formed by extensive invagi- 
nations, one on each side of the head region, just below and behind the 
base of the ocular tentacles. During the invagination a rapid cell 
proliferation takes place at the deep end of the invaginated portion of 
the ectoderm, and also at a region of the ectoderm corresponding to 
the depression between the labial tentacles and the upper lips. The 
lateral halves of the cerebral mass arise as two separate structures, — 
each from a double origin, — which are only secondarily joined. This 
union is the result of outgrowths from each of the ganglia which, 
uniting, form the cerebral commissure. The invaginations begin a 
little later than the proliferation of cells which gives rise to the pedal 
ganglia, and they remain open as narrow tubes until towards the period 
of hatching, or even later. In one instance they have been found in 
this condition as late as eight days after hatching. The cerebral com- 

1 In accordance with the usage introduced by Lacaze-Duthiers, the term com- 
wusmtre is employed for the nerve fibres joining the components of a pair of 
ganglia, and connective for those between ganglia on the same side of the body. 
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for it lies in the same transverse plane in which the otocysts (Plate I. 
Figs. 3, 4) are situated, and it is found at a region in that plane inter- 
mediate between the lateral border of the foot and its middle line, but 
considerably nearer the former. The proliferating cells project into the 
cavity of the foot, and ultimately are separated from the ectoderm. 

Although cells which closely resemble these are found in groups in 
other parts of the body wall, their nuclei do not become as large as 
those of the cells destined to form the ganglia. Moreover, the prolifer- 
ations are constant and most abundant in the regions where the differ. 
ent ganglia of the nervous system take their origin. Besides, in these 
cases there is generally a sinking in of the surface of the ectoderm in 
the same region. 

Somewhat later than at the stage described, usually on the seventh 
day, the external conditions still remain nearly the same, the ocular 
tentacles being perhaps a little more prominent, and the concretions in 
the shell gland more numerous. 

The cells of the primitive entoderm, which surround the yolk, form a 
striking feature of the condition at this stage. These entoderm cells 
are very large, vacuolated, and only slightly stainable. They contain 
large ovoid nuclei, which are crowded to one margin of the cells by the 
nutritive contents accumulated in the cells. Each nucleus contains one 
large deeply stained nucleolus, and a network of chromatic substance 
(Plate I. Fig. 2). The ectoderm, except over the nutritive sac, consists 
of elongated cells, whose nuclei are so arranged as to give the appear- 
ance of two or more layers. The ganglionic cells at this time closely 
resemble the mesodermio cells, and this makes it difficult to distinguish 
between the two (Plate I. Fig. 7). 

The internal ends of the primitive nephridial organs are situated one 
on each side of the head, immediately above and back of the ocular tenta- 
cles. These organs pass at first forwards and upwards, then in an arch 
backwards over the nutritive sac, and finally downward and forward. 
Their external openings are far back in the lateral walls of the body, 
behind the head region. The organs are readily distinguished in sec- 
tions by their large slightly stained cells, which are arranged in a single 
layer around an oval lumen. The large nuclei contain each a single 
deeply stained nucleolus (Plate I. Figs. 2 and 6). The primitive en- 
toderm and the nephridial organs retain this histological condition 
throughout the embryonic stages. 

The cerebral invaginations at first appear as shallow depressions in 
vol. xx. — ho. 7. 12 






178 BULLETIN or THK 

the ectoderm at the baae of tho ocular tontadea, at * point 
Wow the nephridutl organa. Ai the Mm* lime thai tho 
place, coll*, whom nuclei ore largur than thorn of the 
arc being proliferated from tho deep surface of the uii 
of the ectoderm (Plato 1. Fig. 6). 

In the region of the ventral wall of the font referred to in the eta** 
previoLuly dti-crilied, there are in Hie ectoderm of each atcte of the body 
two gronpa of gnnglionio cell* Iprf- pJ-, Vint* I. Fig. 7), one behind the 
other. Thoao cclla project into the canty of the foot, and raach naarty 
to another muhII group of coll* situated not far from the ventral wall 
The cell* of the latter group (there ia ana group on each aula of the 
body) have nuclei similar to thorn of the cmlla Mill ounnectad with the 
ectoderm. Each group Ilea in th« position anhaeqanitlv noeupiad be the 
pedal ganglion of ita mile or the body, and ia uixloiihlMlly t&o *^-*"| 
of that ganglion, for the rella in the ventral wall of the foot eoatmoa ta 
be proliferated during auvernl dava, and are found in antn* indindueJa 
to be In direct continuity with the ganglia after the Uttar hare at 
Ulned ooaaiderahle aiae. In tho individual* ahown in Flgnra* T aad I 
(Plato I.), the right otocyet (Fig. 7) la aeon aa m ctoaad fill a, wheat ia 
nut yet wholly detached from the entoderm. The otoeyata ■n danw.balo 
vary In regard to the time of their detachment, aa will bo aeon by a 
(huwa at the left irtoeywt uf thn aame individual, which ha« aotwe'y 
hot Ita Knitiertion with the ecti»l*>rni (Tig. 9), 

All tho other ganglia, with the exception of the one near the I fa.-!, -r 
orgjin and the buccal gnnglin, ariine by cell proliferation fn-m eri. •Ura 

Which lira between tho f.-ot mid tho hctid regi either at .* > .■:.. 

aliovo the poHtcrior ando formed by the U«ly wall with the d rmi • .r 
face of the fiM.t, or along a dcprcHNinn which run* forward frm t; j 
point. Thin angle tnurU the puetcriur limit of a furrow which |»— - 
obliipicly forward and downwnrd, initially m- [minting tlie head «-->! 
riaceml nuiiu from the f<->t. Thin d.'preanioH trill l« designated a. 
the plfuriil gmivr. "f the rcninming ganglia, only the i;«ra ha>« 
begun to lie r..riiicil at tin* time. Thn fell* denned to form it™ 

pleural gr-.ve (Piute I. Kifa. « and <)). Some of choa* -f the left 
ganglion arv wholly detarhe.] from the ectoderm, hut th.-e .4 the 
right (Pig. 7) htv Mill e.mt:nii«ua aitli the ectoderm, thou.-h. pr- 
jerting into tlie li-ly cavity. The ceil* have large, round, fainliy 
Ktainnble uuelei, each containing one large nucleolus, whi.h lair* • 
d~,, .,.,« 
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Twenty- four hours later, about the eighth day, the pulsating sac of the 
foot has become still larger, and the oral sinus has extended backward and 
downward as a very narrow tubular passage, — the (esophagus, — which 
follows the surface of the nutritive sac for some distance, and subse- 
quently opens into it. The peculiar ciliated cells of great size and spongy 
appearance, which occupy a linear tract along the middle of the roof of 
the mouth and esophagus, are at this time very prominent (Plate I. 
Fig. 2, lopK. 61.). These cells form what Fol ('80, pp. 190, 191) has 
called the "ciliated ridge." Tbey persist until after the completion of 
the nervous system. The ingrowth of the ectoderm to form the rectum 
is now composed of a compact group of small cells, which shows a small 
lumen in its central portion, but is still closed at both ends. 

The cerebral ganglia remain in nearly the same condition as that last 
described. About twelve hours later, between the eighth and ninth days, 
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the two cerebral invaginations have become deeper, and the two groups 
of cells which form the main portions of the corresponding ganglia oou- 
tain a greater number of cells. {Plate II. Fig. 15.) 

The pedal ganglia are also now composed of many more cells than in 
the previous stage. Each ganglion is usually pear-shaped, and tapers tc- 
wards the posterior end of the foot They both continue to receive ac- 
eeaaiona from the ectoderm (Figure A), and at the same time are rapidly 
increasing in sise by division of the cells already in position. The nuclei 
are larger and more easily distinguished than in the previous stage from 
those of the mesodermio cells, the latter being more spindle-shaped than 
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before. The cells of tint luveudurm form a miutiuuutii liver ai i. 
iuiut surface of tbe ectoderm, eaoeiit where cell uruhferabom m t 
place (figure A). 

Ad y*l uothitig u to be woo of the jilonral gfigjffl 

The visceral ganglia, hove increased ui sue (Plato L Fbjfa. 10, 11, 12). 
they an null oouueoWd with tbe ectoderm (Fig*. 10, 13), slllnitll ft frw 
cell* with large uuetei have beeuwe detached fruiu it (Fig. 11). TW 
ganglion nnd tint otocyst of the same sidd of the b-«lj lie 
immi' siigitul [iliine. Koch ganglion is situated jiut abnre the sagtf 
iuiuhlwI by tlm pleural gruovu. The riglil visceral genylioo (Fur. 10) e> 
RanM farther forward and more dorsal tbau tbe left (Fuji. II, 13V 

About in the median plauo of tho <<od*. Mid aboto the angle made by 
the pleural groove, are tbe cells which form tbe abdominal k»ec;Uw 
(Plate 1. Fig. 13). Tbe greater |<art of tltam are atill nubrdd-l in the 
entoderm. Although in some regions tho* project into tbe l-«Iy eaiitr 
they are nowhere wholly separated fmn tli« actuderm. Tbe 
(anjUon seems 1o be at Bret >imi Intimately cotmerted with the U* 
Tivrral ganglion than with tbil right, but a aotiuertive is fi r i id eili 
both of tbem a little Inter, and the abdominal ganrh.m t 
occupy the place of a direct commissure between tbe two v 
A* development proceed*, tho abdominal gaogiion become 
with both the viwvral ganglia. 
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cells of the median portion of each ganglion growing out to meet the 
corresponding cells from the opposite ganglion. The commissure at this 
stage is composed of a small number of cells, which are very much elon- 
gated. The fibres resulting from their elongation already make a con- 
tinuous bridge from one ganglion to the other. 

The pedal ganglia (Plate II. Fig. 20, Plate III. Fig. 27, Plate V. Fig. 
60) consist of two small groups of cells, situated about midway be- 
tween the sole of the foot and the posterior end of the radula sac. They 
are a little below and behind the pleural groove and the otocysts, and 
they are farther from each other than from the lateral wall of the foot. 
There is a slight indication of a commissure (Plate III. Fig. 27) joining 
their anterior portions to each other. The commissure is formed in the 
same manner as the cerebral commissure, the individual cells composing 
it being spindle-shaped, with their nuclei somewhat elongated in the 
direction of the fibres. 

The otocysts (Plate II. Fig. 20, Plate III. Fig. 27, Plate V. Fig. 60) 
are on a level with the lower margin of the radula sac, and are nearer the 
pedal ganglia than in the preceding stage. 

On each side of the body above the pleural groove is a group of a 
few cells, which are in all probability the first indications of the pleural 
ganglia (Plate II. Figs. 14 and 20). The centre of each cluster is seen 
on cross sections (Fig. 20) to be nearly on a level with the lumen of the 
radula sac. The cells at this stage are very small, and so loosely associ- 
ated that it is difficult to distinguish them from mesodermic cells. I 
have not satisfactory evidence of their origin directly from the ectoderm, 
for, although I have found them at times very near to the ectoderm 
(Fig. 20), I have never found them at any stage continuous with it On 
the other hand, I have not seen conditions which would warrant the 
conclusion that the ganglia were the result of outgrowths from either of 
the pre-existing ganglia. 

A little before the ninth day the cells detached from the ectoderm 
to form the visceral ganglia (Plate II. Figs. 17, 18) increase rapidly in 
size, and the diameter of their nuclei often becomes four or five times as 
great as that of the ectoderm io nuclei. The ganglia consist of elongated 
groups of such cells, still attached to the ectoderm above the pleural 
groove (Figs. 16, 18). The want of symmetry in the positions of the 
right and left ganglia is more conspicuous than in the preceding stage, 
the ganglion of the right side being considerably more dorsal and far- 
ther back than that of the left side (Plate II. Fig. 23, Plate V. Fig. 60). 
Owing to the infolding of the ectoderm on the right side of the body to 
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form the rwpiratory chamber (Plata II. Kig*. IS, 34), the r«Hs tnca 
which the ganglionic cell* ariae is now located on tl*o ventral and Mva 
walla of the infolding. Tho ganglia hav* alao grown forward, and be 
between thu ncpliridial organs and th« nntntire ud (PUu II. Tig. S3}. 
Iu an Individual out crusawiae, Uia poatenor portion of in* ftngiaa m 
found to bo two or thrvu eoctUma hack of the ulocyata. Bean in* 
ganglia may tx, traced through five or ail aectntne. 

A Utile behind the tiaceral ganglia, and to the left of th* arlai 
plane of the body, are the prominent ceils of Um abdominal fwaajaaej 
(Plato II. Figa. 24,04.). 

All of llieau ganglia "till consist of group* of looaely aaaociatad wriw. 
Liter tbey twenrne tnoro compact, and are aurrouudad by oouaacti**- 
tiaano cell*. 

The buccal ganglia (Date II. Pig. '22), ftrat am with oartawt* at 
Uiw stage, arise, one on ouch »ido uf the radula taw, at lb* aaatjaa hatwMB 
it and tho uwphagu*. It ia to h* teen frotn crista eectMsne that lie aafl 
proliferations from which lliey apring take place frtan (ha ilm— I wal 
of tlM ueck of the aac, where ila lumeu begioa to be —para lad fruea iked 
of the oaeophagua. 'f/liia i* nlao tbeir permanent pnailion ; thwy am bear 
joined together by a eommiaau.ro, which raaulu Crow outgrowln* ef uW 
colli ooDBpoeiDg the two ganglia. 

On thu truth day the external appearance of the emln-ro Hantaan 
nearly thu miiiio as la-fore, with tho exception that there i. an increase 
in th.t wo of the embryo, and eupcvially of its pulsating un The »a>- 
of tho mduU him Imm-uiim more elongated, and the anal opeuiug v I'Uu 
III. Fig. 31, ■"■.) is r.,nne<l. 

The cerebral invagination* still appear, in section* parallel to lie 
•agittal plane (Plato III. Figa, I'M and 29|, an ahull. « depreaaiona. Ti. 
number of .tils in each ganglionic group ( I 'Into IV. Fig. M. I '1*1* V 
Kig. tl:l) hiu iii'-reinuil perceptibly. At thu autno linn- the group* Lax 
•i tended backward, mid show indication! of tho cerel >ri>-pte oral naiMvt 
ivea. In specimens cut in the angittal plane, the cerebral cooimaaa/i 
cut rroaawiae may I* seen almvc tho oral opening (Hate 111. Fig fcu 

Tl». ts-dal ganglia (Mate IV. Fig*. 54. ftR, 1'lato V. Fig, 63) bait a- 
rreawd in siw. Their anterior borders now reach aa far forward as Uw 
plane of the pleural groove, and they extend I sick ward into tb* (■** 
much further than before. In en>M tectiona (Plate IV Fig Ml lie 
appear an r-xinded groups of i-clla, which are far nj.irt nii.1 not vet rrrt 
compact . they still continue to receive aoccaaioiu by tho pruliferalMai J 
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ectoderm ic cells from the walls of the foot (Plate IV. Fig. 57, 58, prf.). 
The first decided evidence of a pedal commissure makes its appearance 
during this stage. It consists (Fig. 54) of a few very much elongated 
nerve cells, which stretch across from one ganglion to the other a little 
posterior to the region of the otocysts. The commissure may be traced 
on about half a dozen successive sections, or for a distance of some 50 
or 60 ft. From its position it evidently is the beginning of the anterior 
commissure. The thickness (10 /a) of a single section contains only 
three or four cells, the nuclei of which have the chromatic substauce 
so concentrated into a single nucleolus as to make the nuclei appear 
clearer than those of the surrounding connective-tissue cells. There 
is at present no trace of a posterior commissure. The otocysts are now 
nearer the ganglia (Plate IV. Fig. 58, Plate V. Fig. 63) than at any 
previous stage. 

The pleural ganglia (Plate V. Fig. 63) are still inconspicuous, being 
composed of only a few scattered cells, which lie nearly dorsal to the 
otocysts, about midway between the visceral and the cerebral ganglia 
of the same side of the body. Many of the cells are elongated in the 
direction of the ganglia between which they are located, and appear to 
form the beginning of a connective between them. 

The visceral ganglia (Plate IV. Figs. 58 and 59, vsc.) are still con- 
nected with the ectoderm, but project more prominently from the wall 
of the body, and extend forward more than before. The right (Plate IV. 
Fig. 59) is larger, and still lies more dorsal, than the left (Plate V. 
Fig. 63). The cells which compose the ganglia are numerous and 
large, and the nuclei of those which form the centre of the ganglion are 
conspicuously larger than those at the periphery. In cross sections of 
a stage possibly a little less developed than the one last described, the 
ganglia (Plate IV. Figs. 53, 56, 57, 55) lie, one on each side of the 
body, immediately above the pleural groove, a little below and inside 
the external orifices of the primitive nephridial organs. On the right 
tide of the body the ectoderm which constitutes the anterior wall of 
the infolding to form the mantle chamber is seen in sagittal sections 
(Plate IV. Fig. 58) to be much thicker in the region adjoining the pleu- 
ral groove than in that which forms the deeper portion of the infold- 
ing. The transition from the thick to the thin ectoderm is very abrupt, 
and is marked by a pocket-like depression. The right visceral ganglion 
is situated at the side and in front of this depression. Some of the cells 
in the anterior portion of this ganglion (Plate IV. Fig. 56) are traceable 
toward the median plane of the body. The left visceral ganglion 
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(Figs. 56, 57) is not yet as large as the right, and it consists of fewer 
cells. 

The position of the connective between the visceral and pleural gan- 
glia (Plate V. Fig. 63) is indicated by the presence of spindle-shaped 
cells with fibrous projections. The connective is at this time long, and 
the cells and fibres composing it are only joined to one another loosely. 

As the abdominal ganglion increases in size, it extends more toward 
the right side of the body (Plate V. Fig. 61), and the connective be- 




Figure B. — The left face of a section parallel to the sagittal plane from an embryo of the 

eleventh day. X 73. 

ab.-vsc e. Left abdominal- visceral connective. pcL Pedal ganglion. 

etb. s. Left cerebral ganglion. pes. Foot. 

cnch. Shell gland. sac. rod, Radula sac. 

oey, Otocyst to. Ocular tentacle. 

tween it and the right visceral ganglion, which is hardly perceptible at 
this stage, is much shorter than that to the left visceral ganglion. 

The buccal ganglia remain in the same condition as in the preceding 
stage (Plate II. Fig. 22). 



By the eleventh day the embryo has increased greatly in size (Figure B) ; 
the tentacles are prominent, and the pulsating sac of the foot is very 
large. A narrow slit-like infolding of the ectoderm (compare Plate VIII. 
Fig. 101, gl. pd.) has arisen in the median plane of the body at the an- 
terior end of the foot, into which it extends backward a short distance. 
It is the beginning of the foot gland. The salivary glands also make 
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their appearance daring this stage as a pair of evaginations of the 
lateral walls of the oesophagus, immediately above its communication 
with the radula sac, and a little in front of the buccal ganglia (Plate 
VX Figs. 77-80). 

The cerebral invaginations still open broadly at the sides of the head 
(Plate III. Figs. 32-34, and Figure C). They are, however, quite deep, 
and in a series of sagittal sections the depression becomes deeper and 
deeper as one approaches the median plane, and at the same time the 
orifice which leads to the depression becomes narrower and narrower, 
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until it is almost slit-like (Figs. 32-40). The deep ends of the invagi- 
nation are turned a little towards the median plane. These invagi- 
nated portions of the brain are composed of small, closely packed cells, 
whose nuclei stain deeply. The proliferated portions of the cerebral 
ganglia, which are deeper than the sacs (Plate V. Fig. 64, Plate VI. 
Figs. 70, 71), extend toward each other in the median plane, and back- 
ward and downward toward the pedal ganglia (Fig. 71). They have 
now become differentiated into a fibrous central part (Fig. 71), in which 
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are lodged the larger scattered cells with their very large nuclei, and a 
peripheral part, where the cells are crowded together and the nuclei 
are smaller (Fig. 70). They are loosely enveloped by spindle-shaped, 
very much elongated, connective-tissue cells (Fig. 71). Immediately 
above the oral cavity is the cerebral commissure (Plate VI. Fig. 80"). 
It can be traced from one side of the brain to the other, and its cross 
section appears as a very small round patch of fibrous substance, sur- 
rounded on the dorsal side by a layer of flat cells. 

The cerebro-pedal connectives are indicated (Fig. 71) by a few cells 
extending from the ventral -posterior ends of the cerebral ganglia to the 
anterior ends of the pedal, a little in front of the cerebro-pleural con- 
nectives (Fig. 70). The latter extend from the posterior ends of the 
cerebral to the anterior ends of the pleural ganglia, thus diverging 
somewhat from the cerebro-pedal connectives. There are found in the 
ganglia many cells which are in different stages of division. It is owing 
to this cell division that the ganglia increase rapidly in size, especially 
after they are wholly cut off from the ectoderm ; cells in the commis- 
sures and connectives are also found in process of dividing in planes 
perpendicular to the direction of their fibres. 

The principal change in the pedal ganglia (Plate VI. Fig. 71 ) is due 
to an increase in size, particularly in the anteroposterior direction. The 
central portion of these ganglia has the same fibrous appearance as that 
described for the cerebral ganglia, and the pedal nerves can be traced for 
a considerable distance toward the tip of the foot (compare Figure E, 
page 191). The anterior commissure (Plate III. Fig. 44, Plate VI. 
Fig. 74) is now somewhat shorter than in the previous stage, and con- 
sists of a greater number of cells. Cell proliferation is still taking 
place from the ectoderm of the ventral wall of the foot (Plate VL Fig. 
71), and the ganglia continue to receive accessions from these sources. 
More highly magnified views of the regions of proliferation are given in 
Plate VI. Figs. 72 and 73. 

The pleural ganglia (Plate VI. Fig. 70) are now easily recognized. 
Each ganglion is formed of a triangular group of cells, occupying a posi- 
tion immediately above and anterior to that part of the pleural groove 
which is nearest to the otocyst. The cells composing the ganglion are 
fewer than those of any of the other pairs of ganglia, but resemble them 
in their histological conditions ; they are only loosely connected, and 
their fibres are elongated in the directions of the three connectives. At 
this stage the ganglia are not closely enveloped in connective tissue. 

The pleuro-vMceral connectives are well developed, especially the left 
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one (Fig. 70) ; the right one is much longer and more attenuated, since 
the right visceral ganglion is farther from the pleural than the left vis- 
ceral. The ganglia are most distinctly seen in specimens cut in a 
sagittal direction. 

The visceral ganglia (Plate V. Figs. 67-69, Plate VI. Fig. 70) are 
much larger and more elongated in the direction of the pleural ganglia — 
i. e. downward, forward, and outward — than they were during the pre- 
vious stage. They are still connected with the ectoderm at their pos- 
terior dorsal ends, while the opposite ends are much drawn out toward 
the pleural ganglia (Figs. 69, 70). The right visceral ganglion (Figs. 
67-69) is larger than the left, and its longest axis has a dorso-ventral 
direction (Fig. 68). The fibrous prolongations continue into the pleuro- 
visceral connectives (Fig. 71). 

The abdominal ganglion (Plate III. Figs. 43, 44, 46, 47, Plate VI. 
Figs. 75, 76), although still connected with the ectoderm, is also larger, 
and projects more into the body cavity than on the tenth day. A large 
portion of it still lies to the left of the median plane of the body (Plate 
VI. Figs. 75, 76), and the connective to the left visceral is well devel- 
oped (Plate III. Figs. 41, 42, Plate V. Fig. 68) ; that to the right is 
less complete (Plate III. Figs. 45, 51). 

The buccal ganglia (Plate V. Fig. 62, Plate VI. Fig. 77) are now 
very distinct ; the dorsal wall of the radula sac still contributes to their 
increase in size. 

Cell proliferation takes place from the ectoderm bordering the en 
trance to the respiratory cavity. A few cells, which probably form the 
olfactory ganglion, are seen at this stage to be separating from the ecto- 
derm in this region. 

For the next twenty-four to thirty-six hours {twelfth and thirteenth 
days) the external appearance of the embryo remains nearly the same 
as on the eleventh day. In the living embryo the larval heart may be 
seen pulsating, and the foot gland extends somewhat farther towards the 
posterior extremity of the foot 

The cerebral invaginations appear simply as long narrow sacs filled 
with a coagulated substance ; the inner ends of these sacs have grown 
upward as well as backward (Plate VII. Fig. 94). The proliferated 
portions of the cerebral ganglia (Fig. 94) are much larger, and have 
now assumed more nearly their ultimate positions (Plate III. Figs. 48, 
49; Plate VII. Figs. 81, 82, 94) The central portion of each has 
become more fibrous (Fig. 81). 
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The connectives, both to the pedal (Plate VII. Fig. 81) and to the 
pleural ganglia (Plate III. Fig. 48), are well developed, and are both 
thicker and shorter than in the stage last described. 

The pedal ganglia do not differ materially from the condition de- 
scribed for the eleventh day. The anterior end has increased in diam- 
eter, and has grown a little farther forward (Plate III. Fig. 50, Plate 
VII. Figs. 81, 91). 

Both commissures are now present ; the anterior (Fig. 92) is a little 
behind the otocysts (compare Fig. 92 with Fig. 91), and the posterior 
(Fig. 90) is directly above the blind end of the foot gland, and about 
0.2 mm. back of the anterior commissure. 

The pleural ganglia (Plate III. Fig. 48, Plate VII. Figs. 82, 83, 88) 
are very near the cerebral ganglia, as may readily be seen in sagittal 
sections (Figs. 48, 82), and the fibrous connectives to the other ganglia 
are plainly to be distinguished. The ganglia have become more com- 
pact and rounded, and occupy a position nearer the middle plane of the 
body (Figs. 86, 88). 

The visceral ganglia (Plate III. Fig. 49 ; Plate VII. Figs. 83, 84, 
86-89), although they have increased greatly in size, are still connected 
with the ectoderm which forms the anterior wall of the mantle chamber 
(Figs. 88, 89). 

They have also moved inward and forward. The right ganglion 
(Figs. 49, 83, 87-89) is especially well developed, and much farther 
forward than in the previous stage. Its axis is prolonged into a nerve, 
which runs upward and backward, probably to the olfactory ganglion 
(Figs. 84, 87). 

The connective from the right visceral to the abdominal ganglion 
passes backward and inward (Plate VII. Figs. 83, 84). Where the 
connective leaves the visceral ganglion (Fig. 83), the nuclei of the 
ganglionic cells are very large, and the fibres are very much elongated 
in the direction of the connective. 

In specimens cut crosswise the nerve which forms the dorsal prolon- 
gation of the axis of the visceral ganglion is found far forward, in front 
of the anterior face of the abdominal ganglion ; it passes upward and 
inward (Plate VII. Figs. 87, 88), and is connected with the ectoderm 
that forms the wall of the small infolding from the respiratory cavity 
(Fig. 88) referred to in the account of the tenth day. This region is at 
the same level as that with which the abdominal ganglion is connected 
farther back (Plate VII. Fig. 93). The ectodermic cells to which this 
nerve is distributed form the lining to an irregular infolding from the 
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median face of the respiratory cavity, and the lumen of the infolding 
connects by a narrow orifice with the respiratory chamber (Fig. 88, 
cav. mt.). I believe this is the organ first described by Lacaze- 
Duthiers. 

A little farther forward the right visceral ganglion sends to the right 
side of the body a nerve (Plate VII. Fig. 89 n.), which passes between 
the wall of the mantle chamber and the primitive sexual duct, probably 
to be distributed to the right half of the mantle. 

At this time the greater portion of the abdominal ganglion (Plate VII. 
Figs. 81, 82, 85, 86, 93) lies on the right side of the median plane, al- 
though it is joined to the left visceral by a large and prominent connect- 
ive (Plate III. Figs. 50, 52, Plate V. Figs. 65, 66, Plate VII. Fig. 93). 
Since the visceral ganglia have grown inward and forward, the ab- 
dominal ganglion now occupies a position considerably posterior to 
them (Plate VII. Figs. 83, 86) ; it lies above the right side of the radula 
sac. Its posterior dorsal margin is still continuous with the ectoderm 
of the wall of the respiratory cavity (Fig. 93), but farther forward it is 
entirely separated from the ectoderm (Fig. 85), and is surrounded by a 
layer of connective-tissue cells. All the other ganglia are similarly en- 
veloped in connective tissue except where they are continuous with the 
ectoderm. 

The connective to the left visceral ganglion (Plate VII. Fig. 93) passes 
downward, forward, and outward to the left side above the radula sac. 

The buccal ganglia (Plate VII. Fig. 81) are larger than on the tenth 
day, but are closely applied, as before, to the walls of the radula sac. 
Their commissure (Plate V. Fig. 65) is embraced in the angle between 
the oesophagus and the neck of the radula sac, and in sagittal sections 
presents a circular outline. 

On the fourteenth day the upper lips as well as both pairs of tentacles 
are very prominent, and the foot gland has grown backward still farther 
into the foot (Plate VIII. Fig. 102). The salivary glands have now be- 
come elongated into tubular organs with a circular lumen and thick 
walls consisting of a single layer of epithelial cells (Plate VIII. Fig. 106). 
They reach a little farther back than the buccal commissure ; in passing 
forward they lie on either side of the oesophagus, about on a level with 
its lower border. They pass along the dorsal side of the buccal ganglia, 
and then suddenly bend downward to open into the oesophagus. 

The cerebral invaginations (Plate VIII. Fig. 96) present the same gen- 
eral appearance as in the stage last described, but the lumen of the sacs 



iuo 



BCLUtQ OF Till 



■ 



in windier (PUl« X. Fi^n. 121. 126) ; tn crow Mcti-ma (Tig. D> k ■ 
I»»m «>vaJ. Tins walla uro thick, botug cutupoaml of spiudtc-«liaf«d n 
(UTini^fl |M!r]«)iuliculnrly to th« aim of tlwi mm umI (m cnmlad that I 
nuclei wc tlin-p or four dump. 

Tuo prolifemioJ portion ..f thcccTvlmJ gungli* (1'lmic l.V. Fijj. 114) 
Uiu« iU p«u--tb*p«d cowlition, but w ■cKirtar wkI ibickirr. A nam! m 




m.- li;.n i-.rti-.„ ..Oiu-h (nu.nli-N f.rin* a muiiII r.im.W 1..U- i¥ „-.-. >'■ 
Til.-- h.U-t fin. n.-rtr t ho Ikivk of lli>> n| |"T I \~, tiu.l in nswitt..! w! ' 

npj-ar nl il ...mpl.-tilv w j..iriit.-.| fi.mi l)i.< hrvrr j-nrt ..f :i.- .•«- ' 

l.V n.-...*tl.. ■■! [ii'di^ hwtu.'. Il ,- fr I ».-■*• I-.U-, lint ll.c ;-' 

ciiiiL-.tni.-i in-' Tlio iMiiucrlivtii Lo U.o pleural £*u V b* emtr r t '■'" 



r\> 



MUSEUM OF COMPARATIVE ZOOLOGY. 



191 



; they are thicker and shorter than 
i which they are separated by only a 



the larger portion of the ganglio 
the oerebro -pedal connectives, from 
narrow space. 

The cerebral commissure is much shorter than before (Plate X. 
Fig. 126), but it has not increased much in thickness (Plate VIII. 
Fig. 101). In sagittal sections it is seen to be composed of a central 
portion made up of nerve fibres cut crosswise and a peripheral layer of 
nuclei ; but the nuclei are wanting on the face of the commissure which 
is iu oontact with the dorsal wall of the oesophagus. 
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The pedal ganglia (Plate VIII. Figs. 97-100, Plate IX. Figs. IU, 
116, 119) lie between the radula sac, which ia above, and the foot gland 
which is below them. They are nearer together than on the twelfth 
day, and their anterior ends are more rounded (Fig. 114). Their poo- 
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left visceral, and also nearer to the median plane (Plate VII. Fig. 95, 
Plate VIII. Fig. 102, Plate IX. Fig. 120). It is in contact with the 
lower surface of the right end of the abdominal ganglion (Plate VII. 
Fig. 95). 

The abdominal ganglion (Plate VIL Fig. 95, Plate VIII. Figs. 101, 
102, 104, Plate IX. Figs. 115-117, Plate X. Fig. 123) is entirely un- 
connected with the ectoderm, and has moved forward, so that there is a 
considerable space between it and the pleural groove, but its posterior 
face extends farther back than that of the right visceral ganglion (Plate 
VIII. Fig. 102). The greater portion of the ganglion is now situated 
on the right side of the body, immediately above and to the right of the 
radula sac (Plate VIII. Fig. 104, Plate IX. Figs. 115-117). It is 
elongated, and its chief axis is directed obliquely across the body, the 
right end being considerably higher aud a little farther back than the 
left end. In passing downward and forward to the left side of the body, 
it lies between the oesophagus and the posterior part of the radula sac. 
Its left end is prolonged into a connective, which passes forward and 
outward to join the left visceral ganglion (Plate VIII. Fig. 104, Plate X. 
Fig. 123). A large nerve, which passes upward and backward to be dis- 
tributed to the viscera, emerges from the most dorsal portion of the 
abdominal ganglion on the right side of the body (Plate VIII. Fig. 104, 
Plate IX. Fig. 117). The histological condition of the abdominal gan- 
glion is similar to that of the previously described ganglia of this stage. 
The fibrous portion, as well as the enlarged cells and nuclei, are espe- 
cially prominent in the portion of the ganglion which lies to the right of 
the median plane of the body (Plate IX. Fig 117). 

The buccal ganglia (Plate VII. Fig. 95, Plate VIII. Figs. 102, 106, 
Plate IX. Fig. 120, Plate X. Fig. 121) have become larger, and with 
their commissure (Plate VIII. Fig. 101, Plate IX. Fig. 120) stretch 
across the dorsal wall of the neck of the radula sac, to which thev are 
still closely united. The nuclei immediately surrounding the central 
fibrous portion of the ganglion are already slightly enlarged, though the 
cells are not so far advanced in their histological differentiation as are 
those of the other ganglia. A single pair of connectives passes obliquely 
forward, downward, and outward, to join the buccal to the cerebral 
ganglia (Plate X. Fig. 121). 

By the sixteenth and seventeenth days, besides a general increase in size 
of the external organs, the foot gland extends backward much farther 
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than the pedal ganglia (Plate VIII. Fig. 107), and the viscera lie rather 
more to the left Bide of the body (Figure G). 

The central nervous system (Figure F) now consist* of five well devel- 
oped pairs of ganglia and an azygos ganglion (Figure G). The cerebral 
ganglia with their commissure form the dorsal portion of three nerve 
ringa, the remainder of which are completed respectively, (1) by the 
cerebro-pedal connectives, the pedal ganglia, and their commissures ; 
(2) by the cerebro-pleural connectives, the pleural ganglia, the pleuro- 
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visceral connectives, the visceral ganglia, the viacero-abdominal connect- 
ives, and the abdominal ganglion ; (3) by the cerebro-buocal connectives, 
the buccal ganglia, and their commissure. The first and second ringa 
are further joined to each other by means of the pleuro-pedal connect- 
ives. Each of these three rings encircles the cesophagus. The posterior 
end of the radula sac in the earlier stages, up to the present one, is 
usually found to occupy a position above the pedal ganglia and their 
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commissures ; but with a greater concentration of the nervous ganglia 
toward one another, the sac is forced to occupy a position below the 
pedal ganglia and their commissures. The relations of the different 
ganglia to each other is even more definite than before, and can be more 
readily understood from transverse sections than from sagittal ones. 
The peripheral nerves from the cerebral, pedal, visceral, and abdominal 
ganglia are well developed ; the principal changes from this time until 
hatching are histological. 

The cerebral invaginations have become narrow and shorter, but are 
still open to the exterior (Plate X. Fig. 124, iv.). The deeper portion 
of the invagination, that in contact with the proliferated portion of 
the cerebral ganglion, has become a solid and rounded mass (Plate X. 
Fig. 122, lob. lot.) , which is intimately connected with the ganglion 
by means of fibrous outgrowths from its ganglionic cells. It is com- 
posed of small deeply stained cells, which have undergone no such 
histological change as those which compose the proliferated portion of 
the brain. It forms a lobe on the anterolateral face of each cerebral 
ganglion (Plate X. Figs. 122, 124, 127). From this time forward the 
principal change in the cerebral sacs consists in the gradual obliteration 
of the lumen of the invagination. This is usually completed somewhat 
later in the embryonic life ; but, as previously stated, the sacs have in 
one instance at least been found open several days after hatching. Be- 
sides this, there is no other connection now remaining between the 
ectoderm and any of the ganglia, except such as is effected by means 
of the peripheral nerves. 

The median proliferated portions of the cerebral ganglia now extend 
doraally farther than in the last stage, and their commissure is much 
shorter (Plate VIII. Fig. 105, and Fig. F). 

The pedal ganglia (Plate VIII. Figs. 103*, 109-113) have moved 
forward, and are broadly in contact with the pleural ganglia. They 
have become more compact, and rather more triangular in shape, than 
before. From the ventral portion of each ganglion emerge four or 
five large nerves, which terminate in the ventral wall of the foot ; from 
the dorso-lateral region two nerves are given off to the lateral walls, and 
the antero-ventral part of each ganglion tapers off into a stout nerve 
running forward to the anterior wall. The connectives with the cerebral 
ganglia are well developed (Plate VIII. Figs. 103, 107). 

The pleural ganglia (Plate VIII. Figs. 103% 111-113) are nearer to 
the median plane than previously. The ventral posterior face of each is 
closely joined to the corresponding pedal ganglion (Figs. 103% 112), 
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the dorsal median face to the visceral ganglion (Figs. 103', 112, 113), 
and the anterior face to the cerebral ganglia (Fig. 107). No nerve* 
ariae from the pleural ganglia. 

The visceral ganglia (Plate VILL Figs. 103', 110-113) have also 
moved nearer to the median plane. The left ganglion is directly below 
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the oesophagus (Fig. Ill and Figure G), since the latter occupies a posi- 
tion more to the left side of the body than before. The right visceral 
ganglion still remains larger, and eitends farther dorsally than the 
lea (Figs. 103', 111, 112). It is nearer the median plane than in the 
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stage last described (Figure D., page 190) ; it lies in front and only a 
little to the right of the abdominal ganglion (Fig. 111). 

The abdominal ganglion (Plate VIII. Figs. 109-111) is less elongated 
than in the last stage (Fig. 104). It is wedge-shaped, and appears as 
though crowded in between the two visceral ganglia from behind and 
above. It is so intimately connected with these ganglia that it almost 
appears to form a part of them (Fig. 111). But the presence, between 
the ganglionic masses, of connective-tissue cells, which reach nearly to 
the connectives, enables one to make out with some certainty the extent 
of each of the three ganglia. Since the planes which separate them are 
oblique to the transverse planes of the body, these boundaries are not 
always readily seen in cross sections. The right and left visceral gan- 
glia have no direct commissural nerve fibres uniting them ; they are 
joined only by such fibres as pass through the abdominal ganglion. 

The buccal ganglia (Plate VIII. Fig. 108, Plate X. Fig. 124) are 
now entirely separated from the dorsal wall of the radula sac, from 
which they arose, and are surrounded by a layer of connective-tissue 
cells. The differentiation of their ganglionic cells i3 well advanced. 

Summary. 

1. In Limax maximus the whole of the central nervous system arises 
directly from the ectoderm. 

2. The cerebral ganglia originate in part as a pair of true invagina- 
tions, one on each side of the body in front of the pleural groove and 
behind and below the bases of the ocular tentacles. In the course of 
their development, the neck of each invagination becomes a long, nar- 
row tube-like structure, which remains open throughout the period of 
^tnbryonic life. The main part of the cerebral ganglia is formed from 
cells which are detached at an early period from the deep ends of these 
Cerebral invaginations, or from neighboring ectoderm ; the portions 
^hich persist as the walls of the infold in gs finally form distinct lateral 
lobes of the brain. 

3. All the other ganglia originate by cell proliferation from the ecto- 
derm without invagination. 

4. The ganglia arise separately, and, with the exception of the ab- 
dominal and mantle ganglia, in pairs, one on each side of the body. 
Their connection with each other is the result of a secondary process in 
&c development, — the outgrowth of nerve fibres. 

In advanced stages, the central nervous system consists of five pairs 
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maximus, where the abdominal ganglion is intimately fused with the 
right visceral, and is also in close connection with the left visceral 
ganglion. 

As was to have been anticipated, the abdominal ganglion of Li max 
corresponds more nearly in position to that in Lymneus and other 
fresh-water pulmonates, as described for the adult by Lacaze-Duthiers 
(72, pp. 437-500). 

Of the authors who have studied the origin and development of the 
cerebral ganglia in Mollusks, Fol ('80, pp. 168, 169, 193-195) is the 
only one who has pursued his investigations on Limax maximus. 
He says ('80, p. 1 93) : " Vers l'epoque de la fermeture de la vesicule 
oculaire, se raontrent deux autres enfoncements de l'ectoderme. L'un 
des deux, assez vaste et situe* a la base du tentacule, a son bord interieur, 
est l'origine du ganglion cerebroide ; je le decriai plus loin. L'autre 
enfoncement, plus petit, est situe" au-dessous de ce dernier, a la base du 
pied, et mene a la constitution de la vesicle auditive." 

As to the method by which the cerebral ganglia originate, this agrees 
in part with that which I have found ; but as to the time of origin, ray 
investigations lead me to a different conclusion. The otocysts are pres- 
ent as small groups of cells (Plate I. Fig. 4), and the cellular elements 
which go to form the beginning of the pedal ganglia are also being pro- 
liferated (Fig. 3), before there is a trace of the invaginations which go 
to form the cerebral ganglia (Fig. 2). 

A little later the otocysts assume the form of closed vesicles, uncon- 
nected with the ectoderm (Plate I. Fig. 9), while the cerebral invagi- 
nations are now seen as shallow pits (Fig. 6). Therefore, in Limax 
maximus the formation of both pedal ganglia and otocysts precedes 
that of the cerebral invaginations. 

Sarasin ('82, pp. 1-68) maintains that in Bythinia tentaculata there- 
are no invaginations to form the cerebral ganglia. They arise as thick- 
enings of the ectoderm, one on each side of the body, which he calls 
die Sinnesplatte. 

In the recent researches of the Sarasin brothers ('87, pp. 600-602, 
*88, pp. 59-69) on Helix Waltoni, of Ceylon, it is asserted that each of 
the cerebral ganglia is at first represented by a group of cells derived 
from the part of the ectoderm called " Sinnesplatte " before there is 
any invagination. There are two groups of these cells, one on each side 
of the body. Somewhat later two infoldings arise from each Sinnes- 
platte, one above the other. These infoldings become long, narrow 
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The Sarcitis ('88, p. 57) consider these clusters of cells homologous 
with the " taste-buds " and " lateral organs " of vertebrates, and say that 
they are to be found in aud at the margin of the Sinuesplatten, and 
along the sole of the foot, — more rarely on the sides of the foot. I 
think these organs are probably the same as those which I have seen in 
Limax, and to which I attribute simply the function of contributing to 
the formation of the ganglia. 

Salensky ('86, pp. 685-690) describes the cerebral ganglia of Verme- 
tus as arising from a pair of ectodermic thickenings, which early show 
pocket-like invaginations, and become deeper and narrower. From the 
inner ends of these invaginations are formed the main portion of the 
ganglia. The latter are united to each other by a very small commis- 
sure, composed of fibrous prolongations of the ganglionic cells surrounded 
by other nerve cells. 

The principal difference between the method of development in Ver- 
metus and that in Limax maximus consists in the fact that the detach- 
ment of the deep portion of the invaginations to form the ganglia in 
Vermetus is not effected until the invaginations have reached their ulti- 
mate size, whereas iu Limax the detachment of cells from the invagi- 
nated area begins as early as does the invagination, and accompanies it 
duriug the whole of its formation. 

Kowalesky ('83', pp. 1-54) found in Dentalium two deep invagina- 
tions, which he calls the " sincipital tubes," one on each side of the 
bead region, a little ventral to the middle of the velar area. From the 
posterior deep ends of these sacs the cerebral ganglia are subsequently 
formed ; but he is uncertain whether all the cells concerned in the in- 
volution share in the formation of the ganglia. If his Figure 65 is 
compared with Figures 27 and 33 A in Salensky *s paper, the close resem- 
blance in the method of origin of the cerebral ganglia in the two types 
becomes apparent. 

Fol ('80, pp. 169, 170) asserts that the pedal ganglia of the aquatic 
pulmonates appear as condensations in an already formed mesoderm, 
and that they are nearer the pharynx than the ectoderm when they 
begin to be discernible. " One may therefore say," he adds, " that these 
ganglia arise from the mesoderm without prejudging the unsettled ques- 
tion, viz. from which of the primordial layers arises the mesoderm 
which forms them." Of the pedal ganglia of the terrestrial pulmonates, 
he says that they are difientiated en lieu et place in the midst of the 
mesodermic tissues of the foot. 
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left visceral, and also nearer to the median plane (Plate VII. Fig. 95, 
Plate VIII. Fig. 102, Plate IX. Fig. 120). It is in contact with the 
lower surface of the right end of the abdominal ganglion (Plate VII. 
Fig. 95). 

The abdominal ganglion (Plate VII. Fig. 95, Plate VIII. Figs. 101, 
102, 104, Plate IX. Figs. 115-117, Plate X. Fig. 123) is entirely un- 
connected with the ectoderm, and has moved forward, so that there is a 
considerable space between it and the pleural groove, but its posterior 
face extends farther back than that of the right visceral ganglion (Plate 
VIII. Fig. 102). The greater portion of the ganglion is now situated 
on the right side of the body, immediately above and to the right of the 
radula sac (Plate VIII. Fig. 104, Plate IX. Figs. 115-117). It is 
elongated, and its chief axis is directed obliquely across the body, the 
right end being considerably higher and a little farther back than the 
left end. In passing downward and forward to the left side of the body, 
it lies between the oesophagus and the posterior part of the radula sac. 
Its left end is prolonged into a connective, which passes forward and 
outward to join the left visceral ganglion (Plate VIII. Fig. 104, Plate X. 
Fig. 123). A large nerve, which passes upward and backward to be dis- 
tributed to the viscera, emerges from the most dorsal portion of the 
abdominal ganglion on the right side of the body (Plate VIII. Fig. 104, 
Plate IX. Fig. 117). The histological condition of the abdominal gan- 
glion is similar to that of the previously described ganglia of this stage. 
The fibrous portion, as well as the enlarged cells and nuclei, are espe- 
cially prominent in the portion of the ganglion which lies to the right of 
the median plane of the body (Plate IX. Fig 117). 

The buccal ganglia (Plate VII. Fig. 95, Plate VIII. Figs. 102, 106, 
Plate IX. Fig. 120, Plate X. Fig. 121) have become larger, and with 
their commissure (Plate VIII. Fig. 101, Plate IX. Fig. 120) stretch 
across the dorsal wall of the neck of the radula sac, to which they are 
still closely united. The nuclei immediately surrounding the central 
fibrous portion of the ganglion are already slightly enlarged, though the 
cells are not so far advanced in their histological differentiation as are 
those of the other ganglia. A single pair of connectives passes obliquely 
forward, downward, and outward, to join the buccal to the cerebral 
ganglia (Plate X. Fig. 121). 

By the sixteenth and seventeenth days, besides a general increase in size 
of the external organs, the foot gland extends backward much farther 
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EXPLANATION OF FIGURES. 



11 the figures were drawn with the aid of the camera lucida, and were made from 

preparations of Lima* maximus. 



INDEX TO STAGES. 

The Roman numerals indicate Plates. The Arabic numerals, Figures; those 
liich are enclosed in a parenthesis belong to the same specimen. Skeleton nu ai- 
re on the plates refer to the number of the section in its series. 
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Hsschman. — Nervous System of Limax. 



PLATE IIL 

Figs. 25-27 are from the same individual (ninth day) as Figs. 20-24 on Plate II. 
They are magnified 83 diameters. 

" 25. This section passes through the left cerebral ganglion, and the cerebral 
invagination of the right side. 

" 26 shows, in addition to the cerebral invagination, that of the right eye (at 
the left of the figure). 

" 27. Section passing through the pedal ganglia and their anterior commissure. 
It shows a cross section of the oesophagus, the radula sac, and the right 
otocyst 

" 28-31. The left surface of sections parallel to the sagittal plane from an em- 
bryo of the tenth day. (Figs. 58, 69, Plate IV., and Figs. 61, 63, Plate 
V., also belong to this series.) This individual was killed in Perenyi's 
fluid, and stained in picro-carminate of lithium, x 100. 

" 28 and 29 are successive sections passing through the invaginations of the cere- 
bral ganglion and the eye of the left side. 

" 30 shows a cross section of the cerebral commissure. 

" 31. The second section nearer the median plane than Fig. 80, showing the 
cerebral commissure, the position of the right visceral ganglion, and 
the anus already open to the exterior. 

" 82-47, 61. The left surface of sections cut parallel to the sagittal plane, from 
an embryo of the eleventh day, magnified 100 diameters. Killed in 
Perenyi's fluid, stained in Czoker's cochineal. (Sections shown in 
Plate V. Figs. 62, 64, 67, and Plate VI. Figs. 70-73, also belong to 
this series.) 

" 32-38. Seven successive sections passing through the invagination for the 
cerebral ganglia of the left side. 

" 39. The second section nearer the median plane than Fig. 88, showing the 
inner sac-like end of the invagination. 

" 40. The next section, showing the blind end of the invagination and the 
proliferated portion of the ganglion. 

" 41 and 42. Successive sections (32d and 33d of the series) passing through the 
left pedal ganglion and the connective between the abdominal and 
left visceral ganglia. 

" 43. Section cutting the abdominal ganglion crosswise. 

*• 44. The 36th section shows, in addition to the abdominal ganglion, a cross 
section of the anterior pedal commissure. (The 36th, 87th, 39th, and 
40th sections of the series are shown in Figs. 47, 46, 45, and 61, 
respectively.) 

" 45. Section passing through the connective between the abdominal ganglion 
and the right visceral ganglion. 

" 46 shows the abdominal ganglion still connected with the ectoderm. 

" 47. The next section to that shown in Fig. 44, passing through the abdominal 
ganglion. 

M 48, 49. The left surface of sections cut parallel to the sagittal plane from an 
individual of about the twelfth day, magnified 100 diameters. Killed in 

(See obverse.) 
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■tage of tic rvloumont {[«//)A Ju»l aa tliai repm*M*d ha Fbaa Aaai 
(v. Tim >rn tral portion ami Hi* right aid* cut a Mttl* ha aataaaa si 
Ui* dortal portion and 111* l»ft aid*, maginflctl IU0 ataaaatafa. Ua« 
ha <M9% chromic arid, atalncd Id alcoholic bona -canala*. 

Figi. H4-»t, flat* VII . cuntino* tola irrw*. Ta- falkiwM* •*-•• 
lit* M*t|ui<iiL'* uf tli* awctkiM : — 

swiiun 7; J _i«i^i(«,jot». iio^m, iia, ur. Ml. Ml, tm i«t 

Figure wO, W. Ill, W. W, cZ «■. Ml, W, IT. M. M 
Thia art-linn paaars through tlia laft pailal ganglia* aao IB* aMaaaaaS 

ganglion wnere th* latter la (till altatiwd k> lb* Mtadavaa. TW 

mantle ia«lly op»n lo tlu> •ilrrlo*. 
Tlia aacnod arctlon Id front of Fig M, thaalag (aal ta taia regi-a taa aV 

dututtial ganglion 1* fnr* from lha ecludarav 
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PI-ATE IT. 

All fluure. of thi* phtc uairniflcl iUO <TUnwt 
Elf. 63. HO. GT. Hd M an. four tucc«m*i< mcUom froaa lb* 

mi ...... ,;«,. «w, /„, 

i" Kif. 11-1:1, 16. 17, .... 

•IcullOlk t*>rmi-t'»rrnitir. 

" 63 Poatrrior her at a tf m.vrr. 

tli* i-ilcmd oprnlna; of tli* nrphriillal 

" M. Till- p'latahnr tiirfaco of a Irani 

prtlal conimuuur*. Embryo of ahnat lb* Ma* Mags *f «W<< 

■a the pnvading, anil prepared to In* aanaa ■ •* a> tlwl 
-' U Portion of U« third aartlon Allowing that ah»n ai Eta; 64. I 

through Ilia pr-dal ami »lae*ral faiif Ik of lb* rlfbl aide. 
" H il.'.m both lb* vjacaral ganglia. 
" ST. Purli'ia o( aictton thou lug the left pedal gang boat anal call 

from Um vrntral wall of the fool; in* >krtl panajleai aaaf 
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All figumi magnifim! But) <liaiuri*r>. 

Fig. 00. Tli* lili -mf »■■*' of ■ Helton vul nanllrl to iKt aagtual fit 
lilll>ry<> uf III* ninl* Joy Tlia wllim |t>*«* lliruaga * 
Ihu i*r«tir*l, Itiv 1-iUI. and llw i itn.nl ganglia of (l» t 
lliw IhpiIj, aiul ■!•<■ alKi«a > wirtliui of Uw HfM 1W7M. 
Flmjft QuIit, »i»l MaliMnl In •li-'iholir borax-Tannin* 
" I'd. (Coluull Bijilanalliinofyigt 3fl-.1l, 1'Ut* III I Sagittal apeth 
10 *bo« ilia ulalorolnaJ ganglion, which 11m *i 

anlrt inr til 1 1 IP 1 1 1 . ■ m 1 M.J t ri».n. 

" St. (Conaull viplanaiton id Figa .IB-IT, PUt* III) ThaMda. 
avrlra, allowing a t ramie rap ucllo* of (ha mitnl oaann 
portina of Nip lift iiUtvul gangtlnai, 

•' 03. (Conaull p»pl*n»li.in of Fig. '.ft'-SI. HUla III ) TW 1Mb ■ 
aariaa; II paaaaa tlimiigli tin left twrvhnl. ihw p*«W. uW 
Ilia iMvnl ganglia, anil Ilia vail uf III* lall iMoraal. 

" M. (Conaull *x|il«n*lloii «f Fig (!!!) 111* atlh aat'lhan. It >a» 
ii*l nu J or ilia I'amlirnl liitaglrmllun anil lb* ca 
thv largar jiart nf tha brain uf lh« Wft •lib 

» (in. iW ('i.oi|i*r».»pUn.iton<if Mg« 4\«. ITaialll. 
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Alt tin fljurci of ihii plate MM ""''l" ft""" mak-ri.il aillrd in Prmrti'a I 
■It unyl Flgi. 72. 73, and 77 an macnlflad SAO dlaaartm. 

Fir* 70-73. Coiuull explanation of Fip. 82-47, Flat* III 

■ TO «Linai tlio Ufl rmliral, pleural, and vlwcral e>n«lii la iW r»(i 

carelinv pleural ami plmirn-Tbairal cnniwctlraa. 
71. Bacilnn pan In « through Uw otnryal and the tmnhnl. f*Htt_ an> 

faimlla of ilia Ufl *ld«. Tba vlaoaral fut&uw La 

i-i liiilrmi, and llie pli-uro-riacaral coonacUi* la n> 

than cm llm mriM Joy. 
• 73. A portlno of tlia if-ninl wall of the foot from taa CM aactana, 

tin- call prulifaraUcin for Ilia pwlal canglkm. x OUi 
" 7a. Sama aa Fig. 72, but from lha right aid* of lb* bod/, 

■ 74-74. W. Tint poataiior aurfaca of traneaaraa 

oflUalay/faJo.. Tha riftil alda nU alxthtlj la 
Starnrd In ptaro-oarmlnala of UOttunv 
71. Tlia M.l aaotion, ■hion paaaaa throng* Una ataayaen and 
Ban el la In tin rrgjira of their an (trior aoanmUaar*. 
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PLATE Vn. 

All the figures of this plate, except Fig. 05, were made from material killed in 
0.33% chromic acid, and stained in alcoholic borax-carmine. All figures are 
magnified 250 diameters. 

Figs. 81-82. (See explanation of Figs. 48, 49, Plate III.) 

" 81. The 114th section of the series ; it shows the right cerebral and pedal 
ganglia, together with the cerebro-pedal connective, the right buccal 
ganglion, and the abdominal ganglion. 

" 82. The 126th section of the series. It passes through a portion of the right 
cerebral ganglion, the right pleural and the abdominal ganglia, from 
the last of which a nerve runs dorsal ward. 
83, 84. The left surface of two sections '(the 06th and 09th) parallel to the 

sagittal plane from an embryo of the twelfth day. 
83. The section shows a very small portion of the cerebral ganglion, the 
pleural and visceral ganglia of the right side in the region of the 
pleuro-visceral connective, and the abdominal ganglion together with 
its connective with the right visceral ganglion. 

" 84 shows the right visceral and the abdominal ganglia ; also, a portion of the 
connective between the abdominal and the visceral ganglia, and a large 
nerve extending dorsalward from the latter. 

" 85-04. (See explanation of Figs. 60, 62, Plate III.) Transverse sections, 
twelfth day. 

" 85. This section (113th) shows a portion of the abdominal ganglion sepa- 
rated from the ectoderm. 

" 86 (117th section) shows a small portion of the abdominal ganglion, as 
well as the pleural and visceral ganglia of the right side, together 
with their connective. 

" 87. (126th section ; compare also 126th section, Fig. 88.) A portion of the 
right visceral ganglion and the large nerve running dorsalward from 
its left dorsal margin are shown. 

" 88 (125th section) shows both visceral ganglia — the left one still con- 
nected with the ectoderm — and the left pleural ganglion, together 
with the pleuro-visceral connective. 

" 80. The 128th section, which touches the right visceral ganglion, and a large 
nerve running dorsalward between mantle cavity and sexual duct 
from the right dorsal margin of the ganglion. 

" 00. The 77th section ; it pacses through both pedal ganglia and their poste- 
rior commissure, which is directly above the blind end of the pedal 
gland, the tip of which is cut 

" 91. The 103d section, which shows the right pedal ganglion and otocyst. 

M 02. The 101st section, which passes through the pedal ganglia and their an- 
terior commissure, above which is the radula sac, and below which a 
blood-Teasel and the pedal gland are to be seen. 

(See obverse ) 
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PLATE VII. (continued.) 

Fig. 93. The 109th section ; this passes through the abdominal ganglion at the 
place of its connection with the ectoderm lining the median wail of 
the mantle cavity. It also shows a portion of the connective from 
the abdominal ganglion to the left visceral ganglion, 

94. The 146th section of the series ; it shows a cross section of the neck of the 
cerebral invagination, and a small portion of the cerebral ganglion of 
the left side. 

95. The left surface of the 64th section, from an individual of the fourteenth 
day. The section passes through the right visceral and the abdomi- 
nal ganglia, showing their close connection with each other at this 
time, and it also cuts the right buccal ganglion. The material was 
killed in Perenyi's fluid, and stained in picro-carminate of lithium. 

The following figures are drawn from sections of the same series as 
Fig. 95: Plate VIII. Figs. 96, 101, 102; Plate IX. Fig. 114. The 
sequence of sections is this : — 

S ection 62, 54, 56, 66, 82 . 
Figure 101, 96, 102, 114, 96. 
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PLATE VI1L 

Fig. 00. (See explanation of Fig. 95, Plate VII.) The 82d section ; it passes 
through the ocular tentacle, showing in section the cerebral invagi- 
nation and ganglion of the right side. X 100. 
97-100. Posterior faces of transverse sections, the right side a little in ad- 
vance of the left, from an embryo of the fourteenth day. Killed in 
Perenyi'8 fluid, stained in picro-carminate of lithium. — Figs. 104, 
106; also Plate IX. Figs. 116-120, and Plate X. Figs. 121, 123, 125, 
126, belong to the same series as Figs. 07-100. The sequence of 
sections is : — 

Section 81, 87, 92, 98, 102 t 104, 109, 111, 113, 113. 115, 121, 
Figure 97, 119, 98, 99, 118, 100, 115, 116, 104, 117, 123, 120, 

122, 122, 127. 130. 

lOtt, 125, 121, 1*0. 

07. The 81st section ; it passes through the pedal ganglia, a few sections be- 
hind the posterior commissure, x 100. 

98 and 99. The 92d and 98th sections ; they pass through the pedal ganglia 
between the two commissures, x 100. 

100. The 104th section, two sections in front of the anterior commissure. It 
shows the right otocyst in addition to the radula sac and pedal gland, 
x 100. 

101, 102. (See explanation of Fig. 95, Plate VII.) 

101. The 52d section of the series, showing the abdominal ganglion, and a 
cross section of the cerebral, buccal, and both pedal commissures. 
X 100. 

102. The 56th section ; it passes through the visceral and buccal ganglia of 
the right side, and a portion of the abdominal ganglion. It shows 
the cerebral and pedal commissures, as well as a sagittal section of the 
foot gland. X 100. 

103, 103*. The posterior surfaces of transverse sections from an embryo ot 
the seventeenth day. 0.33% chromic acid ; alcoholic borax-carmine. — 
Additional sections from this series are shown in Figs. 105, 108-113, 
and Plate X. Figs. 122, 127. The sequence of sections is indicated by 
the following : — 

Section 111, 176, 180, 186, 187. 194, 211, 212. 217, 225. 225. 
Figure 103*, 109, 110, 111, 112, 113, 103, 105, 122, 108, 127. 

103. The section passes through the cerebral ganglia in the region of the 
cerebro-pedal connective. The wall of the body is not represented, 
but merely the ganglia, together with the oesophagus, the ducts of the 
salivary glands, the radula sac, and the right ocular tentacle, x 140. 

103*. This section (111th) passes through the pedal, pleural, and visceral 

ganglia in the region of the pleuro-pedal connective. A large nerve 

passes from the dorsal margin of each pedal ganglion to the lateral 

wall of the body, x 88. 

• (See obverse.) 
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PLATE V1IL (aMbwrf-J 

(8** **planaWon of rifk.OT-100.) Tt* U»>*arik». ll a 
trip pleural icaiitflia ami Hie aUlmmnal (aBftkm. A lar 
necU III* abdominal ganglion villi • pwkrl-b 
•ail of lb* nianil* o»t,ij. x 100. Fignr* 117 (Plat* 11 , aha 
portion ■)[ tliii Hition mar* Uglily niajrm!l*i] 

(Sre explanation ol FI B i 103, 108* ) Tb* SIS* wc t l— , M a, 
llitouiili 111* i»relir*l Himnlinin. X 100, 

(See «iplM»tioii of Fig.. BT-100) Tula aartbaa. IW ISM. a. 
Ihrougli ilie rig lit wrrbral Invagtnaliun, lb* ri#W vaiabnl aaa) h 
ganglia villi llialr cunnaetltv, and the Hf hi Tiaaatal paa*rlaaa li 
•howi 111* Wt pleural anil rlaerral gaaflia will) Hmi 'WW 

It a ennihl nation of two •oonMlTc (arllon* rut parattrl la Ik* aa| 
plan* (mill an embryo nf Ilia Hitmti 4a*. It **»•• lb* a*** 
pflal, and ploural ganglia, with Uwir cmuriom, *a4 lb* aaaa? 
lb* I. ft .10.- Tlw pntUlon of lb* padal fftaa.1 la a!-..-* b» at 
limi. Porrnyl'a fluid i pLmw.-armuiai* af IW.ioea x |U 
« -xplanatliM ..f t'ig* lUS. IU9". 

Thw a&rth avclion uf tlta acrlva limn tl>* renaral «a*aa;i na il i ■ I 
tight iin* (an «nlal*.rd • l*w ul "bleb U aaao in Fig. U7| W ra* aa 
• la*. It bviog alill ofN'ti M tlw ailartar; ilk* laA aaa traaanar 
Tin- mrbra] ganglia ainl I heir lateral bvara, aad taa l aa l aaa 
■lib (bcir oinimitturo rrwiiiig WlitavD lb* rnaalaaae •*•** aaa 
■aaopliaf U* boot*, ar* alati iboan. >. fa. 

Tlw ITOili arciluti. whl.lt paw Ibruugb lb* f*rda] aaagil* aaa] Ua 
i luminal ganglion X W. 

TrwlWxharvlb.n; II ilmai, In addtltan to ill* organ* arm m faj 1- 
■ ruall pcirtion of (It* irft ilarrral « 
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Ail tlua flfuri'* of HiU |>Ut«> in maenUto'l IM dluiwion, ud »•»* axvfa ft* 
malarial killed in iVrmji'. fluid, and ttainod in pk-rax-iimiMlo of luliKam 

Fi« III |8™ Mplanatloii of Fig W., Hal* VII ] The 00U> wetlMi li •«■ 

through (liv i**rvbr»l. llir j>«-l«i. Ill* pleural, and thai iWrai-al fnaf 

of I be right (Mb Id iho plane of live? rtrebro partial »«W 

oOilMCtitM. It alau •hum Uu< Titrlil otocjal 

- 11M80. See Mplanation .if F.ga 6T-100, I1al» VIII 

*• 11&. The IQwb ieUtm ; n iltom ■ puritan at law iMnil— I 

rii'ii ! 'if llir I i'! ni i ■»■ ■ 

" IK) The llltl. Mt-tlon; It |«wi thmmrii ttw iMootUMl ai 

" 117. Tin 113th taction t It (hiiir* the alula mint) pmjUtm 
above lb* imduU HC and ■ wirtlaio of tlte tifbl p 
t «g. IW, llu« VIII.) 
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PLATE X. 

fig. 1*1 (8t« explanation of Kip 07-100, PUir VIII) Tha With ■ 
pa*»i lliraugb Uio left •-rrrbfal fa 
I'lT-'timl mn! buccal gangha, lot ifei " l 

" ra (Sre vipUnatloii of Kiga 1(13, IOC, Plate nil > TW HTlb *>rt*»> af 
tin i*rt*t. It pi W I l!imu<li I he rlghl crrrbral fa J ajtaj* «**t a>* la* 
vral lone; il alao •huwt tt>e ocular taniai-le an.l Uw wall uf fa* n*M 
eye, tram rent tertion* uf llie avpliagiM. i»H<«rj gl*n-l*. meWe •**, 
and primary hiiiiI iluct. X 3SJ. 

" I» (Boa aaplanallnn u( Flga. UT-1UU. Plate VIII ) Tbh •vcnaa **— - » 
through lb* right pleural anil *Urer»l ganglia, a mail pa*Mna •/ la* 
left pleural ami vlawral ganglia, and Ibr aUtuaalawl g Wfjbiei. ■■**% 
lie* brlHern (he iMuphagw ami railula *a*. * MO. 

" 114 The pcnlcriof tar* at a imievrn* arctinn (mm an rnabrja at (ha M 
f~.lA.faf The left aid* la nut a IfetU Hi ad earn rf lb*) rljt*. lev 
•action paaaea through tb* carrfcral iaoagtnataaa, — Mil •*■*■ a* it* 
cilMiur, — llwnmbral ganglUn nl th* lall aiilr aaal iu kaml bam 
and lb* left boreal ganglion It al»o •!»■• ea era** •»■>■ tke *M 
nf the ulnar. aland, and a ■mall portLm nl Ih* i*all */ tW nt* 
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No. 8. — The Parietal Eye in some Lizards from the Western United 

States. By W. E. IilTTEK. 1 

With a single though notable exception, the numerous authors who 
have written on the parietal organ in vertebrates since the papers of 
de Graaf ('86* and '86 b ) and Spencer ('86 and '87) appeared, have 
agreed that the structure is, or at least was in ancestral vertebrates, 
an eye. This belief is based entirely on the structure of the organ, no 
physiological experiments or observations on the habits of the animals 
possessing it having yet been produced in proof of its function. 

Ley dig ('89) alone, in a recent preliminary paper on the subject, has 
denied its optical nature, and has assigned to it an entirely different 
function ; though in a second preliminary, still more recent ('90), he 
expresses his denial with considerably less confidence. He rejects the 
eye hypothesis, however, on the same grounds that have led others 
to adopt it; namely, on the grounds of its structure, and especially 
of its relation to the brain. 

He believes that what is generally held to be an optic nerve is in fact 
merely a string of connective tissue. 

Among those who believe the organ is or has been an eye, there are 
important differences of opinion as to its present value. By A hi born 
('84), de Graaf, Spencer, and several other more recent writers, it is 
believed to be degenerate and entirely functionless in all living verte- 
brates. Rabl-Rlickard ('86) has expressed the opinion that the organ 
may still be of use in furnishing its possessors with a more delicate 
means of detecting differences of temperature than exists elsewhere on 
the body. B4raneck ('87) believes that, while the structure is probably 
of an optical nature in some vertebrates, it has become so secondarily ; 
that the primitive function of the epiphysis, common to the brains of 
all vertebrates, was something entirely unknown to us now, though not 
concerned with vision ; but that in the Cyclostomes, the Amphibians, 
and the Reptiles it has taken on, secondarily, the function and form 
of an eye. 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
Zoology, under the direction of E. L. Mark, No. XXII. 
vol. xx. — no. 8. 14 
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lint uven were it c*tablialiud beyond i|ii™iit*i that the orfn m ■ 
dagenemli' eye, tliurv miulil «r ill remain iwvi-rol quite diatuw-* »i») wry 
intercut ing problem* b> be Milvod. Tlir un«t fnii'l tun lul id" tbtw* «• 
}imlMiliIv tliat of Ut homology. Much h*4 been aritUn on tl»e aw**- 
tiua by tbu vitrlima reeeut autlnm, but even I«ub unanimity of «pia ■ ■ 
tin* been reached here then nu the quntiun nf lU Mmcture and fiaaw- 
lion. The (jiM-Ntiou why the utynn bu reuuuueO an well deralopad M e 
few ■yateuiatically widely Mpnrwtnd group* of TrrtehMee, «hiW In all 
others the pruceea of degunenttioD lie* gune 10 brMlt bare Urt a 
mure trace of the proximal purtiou of the ejxphyata, he* nnt lav* 
iinuli (hociiMol. It ia not my purrwar in the pnaasnt paper to tartar 
upon n diftruwion til' ilia thin relic*! qurationa invtdred, and thri ar* 
here adverted to merely Id point nut the need — aa indented by tea* 
important*! utiil the duumriliuiee of thr opinion* now held with rag** 
to them — "f a birder hody of Gutta mi Uin auhjrct than era yet eawja*. 
For the present, I confine myaelf to a preaentmiou of the fnrte nbawrW, 
Mid my interpretation of them m bearing; upon eome of the a*** 
ooiicluaiona reached by other writer*, hoping to he old* to purww u> 
aiibJDct further in the near future, when eituated in a reariun when * 
abundant-*' iui.I ft variety of material, adult end amlfytok, can U -* 
talued, and where obtcrrationa on the habit* of the animal* oat W 
niadn. 

The pnwnt work «*■ undertaken nt the anircntinn ••? fW F. L 
Mnrh I uiati hmv In nck.nnw.iK.ue my ntdrHndneaa t.. \l. li H 
I',. 1 ,.,!, nf thu Miieciim of Cumpftntlin '/.,.. \-;y bt Mr J.J R ■*» 

Cumlnr nf the %bm el Hi" Uutvenih "I L'allfimii* . and u. ilf T. 

i\ I'lilni.T, nf lite !'inl.'.| StMM I>i piirtitirnt nf Aurti-uit'irc, Haw 



i..fi<.n. fur tiintHfi il naw 
fur nneiNtnnen ill itnUnri 
A WoPl I- hi Icclittlip 
i. v.T" 'l.-iml.l.- tn rch 
rial >l J nhartiree iho hiM 
nnt hynWhli'rii ii' ill, nur 
I itnui-Ht, Iml 'lir .l.--!ii'il n 
I i mitilrtl linatnintHl m 

. Rtll ■! ■ lllll Mill I.I.....1 i 



i .1 ,. ■ 



Ir S CikMiian. i.f tbi* Uu«u> 
HBtheilJ>«Hcewtudind 

r'nr "(mil nit' tli" atruetHTWof tbe ret** '' 
,!• the pwnl quantity of {ninnrni tint »™ 
■v-intl elcrnenti in tlnanvn. Xrtthrrw** 

ti.- nUntiwi, I MiJ vvaulfl efTert i« ti» 

wult turn rmrlied bj the uee td bl 

i ■turn* «rn- ■■urnil bv a tilni if nuwti P" 

i. titrbt itlaaa .hanit»r, in »h»-h •»* »>■ 
Mima » Milium of putajaMlnn chloraU aW 
H ...: a I .- 11} I-m- .-.rvfa) thai '> 

■ I '■ -.'il-'l <-■ 'i|"-l ■ l-'tfnth bMW* 

<mI llinl the hi f ilodiol eonld >A » 



MUSEUM OF COMPARATIVE ZOOLOGY. 211 

drawn off by capillary attraction, the film soon became saturated with 
the gas, and did not need renewing. From forty-five minutes to an 
hour, depending on the quantity of pigment, was sufficient time in 
which to accomplish the work. Considerable difficulty was found in 
removing the chlorine from the sections. As it had thoroughly pen- 
etrated the tissue, simple washing, even though prolonged, did not 
wholly remove it ; but by washing carefully, and then leaving the whole 
slide immersed in ninety per cent alcohol for twelve or fourteen hours, 
the gas was entirely removed. A good quality of Schallibaum's fixative 
held the sections perfectly through all this and the subsequent staining. 

For decalcifying and hardening the tissues I have found Perenyi's 
flaid more satisfactory than anything else tried, the two processes being 
accomplished at the same time by this reagent. 

Of the several species of lizards which I have studied I shall describe 
the structure in only three, namely, Phrynosoma Douglassii, P. coronata, 
and Uta Stansburiana, these being the only ones that have presented 
anything new or of special interest. 

Phrynosoma Douglassii. 

1. External Appearance. — Concerning the external appearance of the 
organ little need be said, since it differs in no essential particular from 
what has been amply described and illustrated in numerous other liz- 
ards. The scale marking the position of the eye is quite conspicuous, 
especially in very young individuals, where it is of a rather lighter color 
and larger size, relatively, than in the adult. In old individuals the 
great development of the surrounding scales and tubercles renders it 
somewhat less noticeable than it otherwise would be, but it is always 
readily distinguished, not only by its median position, but also by the 
absence of pigment and by its translucent appearance. 

2. The Parietal Vesicle. — Figure 1, drawn from a sagittal section 

through the dorsal wall of the head, shows the form of the vesicle and its 

position within the parietal foramen and with reference to the external 

and internal surfaces of the wall. It lies within the parietal foramen, 

though extending somewhat above the dorsal surface of the j>arietal 

bone, firmly embedded in connective tissue, so that when the wall of the 

bead is separated from the brain the vesicle always goes with the former. 

The tissues composing the dorsal wall of the head are, excepting the 

corneous layer of the skin, quite different immediately over the vesicle 

from those of the surrounding regions. The epidermal layer of the skin 
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outward and the apex inward. The base of the cone is slightly con- 
cave, corresponding to the convexity of the inner surface of the lens. 

The wall of the vesicle is very distinctly differentiated into lens (Ins.) 
and retinal (rtn.) portions, the latter forming about two thirds of the 
whole. The lens is slightly biconvex, the two convexities being very 
nearly equal. The line of demarcation between the lens and the retina is 
a sharp one, though the two portions are plainly continuous. The cells 
composing the lens are large and distinct in outline, each one extending 
entirely through its thickness (Plate II. Fig. 5, cl. his.). Their nuclei 
are large, easily stainable, and somewhat granular ; they are uniformly* 
situated near the internal ends of the cells. The lens is entirely with- 
out pigment. 

Figure 5 represents a highly magnified portion of a longitudinal 
vertical section of the vesicle taken from near the median plane. In 
the retinal portion six regions or zones may be distinguished. Passing 
from the external surface toward the cavity, we find (1) a basement 
membrane (mb. ba, ex.). This is very thin, but uniform in thickness, 
and is of a structureless nature. From many points on this membrane 
tine processes radiate into the connective tissue enveloping the vesicle 
(Plate I. Fig. 3, pre. r.). These processes do not appear to be of a mus- 
cular nature, but rather the same in structure as the basement membrane 
from which they arise. (2) A zone containing a few scattered nuclei 
(it//), and fine-grained sparsely but evenly distributed pigment (pig.). 
No cell boundaries can be made out in this zone. The nuclei, few in 
number, form a single layer, and are situated near the basement mem- 
brane. They are very nearly round, exhibiting no tendency to elongate 
in the radii of the vesicle. Areas in their centres, which are somewhat 
more deeply stained than the rest of the nuclei, and which are probably 
nucleoli, 'are to be seen. (3) A zone (2.") in which are distinguish- 
able neither cells, nuclei, nor pigment ; only a uniform, fine-granular, 
slightly stainable substance, of much the same nature, apparently, as 
the cell substance in those regions of the retinal portion in which cell 
boundaries can be distinguished. Whether or not this zone repre- 
sents the centrally directed ends of a layer of cells, the nuclei of which 
are the ones found in zone 2, I am unable to say, but it probably 
does. (4, 5) The next two zones are distinguished from each other 
ouly by the difference in the elements composing them, no distinguish- 
able line of separation existing l>etween the two. The most obvious 
difference between the constituent elements of these two regions is in 
the shape 'of the nuclei, those in zone 4 being approximately spherical 
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quite circular, but are never much elongated. In many, though not in 
&1I, an exceedingly thin endothelial lining can be seen, and in a few in- 
stances blood corpuscles are found in the cavities (Plate I. Fig. 4, erith. 
wo. and cp. sng.). Although none of these cavities were found to extend 
through more than four or five sections, each 7.5 /x in thickness, and 
although in no instance was it possible satisfactorily to trace a connec- 
tion between them and the blood-vessels lying outside the vesicle, it still 
seems quite certain that they form a network of fine blood-vessels rami- 
fying through the substance of the retina. Owing to the fact that in some 
instances no lining membrane to these cavities can be found, and that 
'(heir outlines are not sharply marked, the possibility of their having been 
artificially produced by the removal of pigment masses suggests itself ; 
>>ut the definiteuess of the outline of many others and their endothelial 
lining membranes, in which much-fiat ten ed nuclei are found, strips this 
conjecture of its plausibility. If these are really blood-vessels, it might 
appear that some of them would be seen cut longitudinally ; and while 
it is true that in many cases focusing shows the cut walls to be very 
oblique to the plane of the section, still no sure instance of a vessel 
cut lengthwise has been seen* When, however, one considers the 
exceeding delicacy of the endothelial lining, and the fact that no differ- 
ential staining takes place, it does not seem impossible that such sec- 
tions may exist, and yet escape detection. These cavities have no 
regularity of arrangement, but are for the most part confined to zones 
2, 3, and 4. In no instance has one been seen confluent with the 
cavity of the vesicle. 

These may possibly correspond to what Owsjannikow mentions as 
having been seen by him in Chamseleon vulgaris. He says: "Am hin- 
tern Rande der Retina findet sich an einigen Schnitten das Lumen 
eines Rohrs, von dera nicht mit Bestimmtheit gesagt werden kann, ob 
ea einem Blutgefasse oder einem anderen Gewebe angehort." (Owsjan- 
nikow, '88, p. 16.) 

3. The Epiphysis. — Figure 9 (Plate III.) represents a sagittal sec- 
tion of the epiphysis, and so much of the brain as is necessary to show 
the relation of the former to the latter. The entire structure, or, more 
properly, the combination of structures that must be considered at this 
time, presents the form of a curved cylinder, one end of which is pro- 
duced into a cone, while the other end has a hopper-shaped excava- 
tion. In keeping with the usual method of designation, I shall call the 
'whole structure the epiphysis, though, as the sequel will show, it is 
doubtful if this is justifiable. The excavated end is proximal, the 
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ventricle (vnt*) into the epiphysis. Intimately connected with the dis- 
tal end of the portion of the epiphysis thus far described is found a 
vesicle (eph. vs.), the thick walls of which are composed of columnar 
epithelium, and thus differ markedly from the folded epithelium of the 
anterior wall previously described. This vesicle is much flattened 
an tero- posteriorly, its longest axis lying very nearly in the axis of the 
cylinder to which the epiphysis as a whole has been compared. That 
the structure here described is a separate vesicle, and that its cavity 
is not continuous with the cavity already described as a continuation 
of the third ventricle, admit of easy and satisfactory demonstration, 
not only in this particular instance, but also in all other individuals 
both of this species and of P. coronata of which sections have been 
made. In passing through the entire series of sections, it is easily seen 
not only that the two cavities nowhere approach more nearly to conflu- 
ence than in the one represented in the figure, but also that the walls 
of the vesicle and those of the more proximal part of the epiphysis with 
which they are in relation are clearly distinct. The separate, ness of 
these two structures will appear more clearly when we come to consider 
the same parts in P. coronata. Passing upward and forward from the 
distal end of this vesicle is to be seen a bundle of connective-tissue 
fibres which becomes blended with the string of connective tissue already 
described as runniug from the apex of the cone to the region of the parietal 
vesicle. There is no indication that the epithelial wall of the epiphysial 
vesicle, as it may be called, passes into this string. 

Covering the whole postero-dorsal convex side of the portion of the 
epiphysis thus far described, and even extending considerably beyond 
its distal extremity, is an immense blood sinus fully distended with 
blood corpuscles (Fig. 9, sn. sng. 9 and Fig. 8, cp. sng.). 

Phrynosoma coronata. 

1. General Description. — Figure 2 (Plate I.) represents a transverse 
•©ction of the dorsal wall of the head, passing through the middle of the 
parietal eye of P. coronata. The description of the external appearance 
•*<i of the vesicle and its surrounding structures given for P. Douglassii 
Quires modification in only a few points to become applicable to this 
•P&oies. The depression mentioned as existing on the internal surface of 
*• wall of the brain-case immediately under the vesicle in P. Dong- 
"tosii becomes in this species a deep pit. To correspond with this 
pH the external surface of the wall immediately over the vesicle forms 
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part with an anterior much-folded epithelial wall, and a posterior not 
folded and thinner epithelial wall ; an epiphysial vesicle ; a blood sinus; 
aud a string of connective tissue extending from the distal end of the 
vesicle and blood sinus to the region of the parietal vesicle. In the 
anterior wall of the proximal portion the folding extends down some- 
what nearer to the brain than is the case in P. Douglassii, and just at 
its junction with the brain a large blood-vessel is found filled with 
blood corpuscles (Fig. 12, cp. mg.). As already said in describing the 
posterior wall in P. Douglassii, the connection (opposite the letters 
vnt. 1 ) with the brain is here complete and very evident, though the roof 
of the third ventricle (tcl. thl. opt.) appears in the section to constitute 
a part of this wall. 

The cells composing the walls of the proximal part are about two or 
three deep, but not arranged in layers. They are small, distinctly nu- 
cleated, and the nuclei are apparently perfectly round. They stain 
readily. On the outer surface of this wall is found, throughout most 
of its extent, a very thin layer of tissue, the cells of which are much 
flattened. This layer becomes continued from the apex of the epiphysis 
as the connective-tissue string (con't. tin.) already mentioned as passing 
to the region of the eye ; another portion of it also becomes continuous 
with the pia mater of the brain. 

Figure 10 represents a section through the longest portion of the 
epiphysial vesicle. In this plane the proximal portion of the epiphysis 
has not yet appeared, and is not found till we pass to a section in 
which the loug axis of the vesicle has become considerably shortened. 
In the wall of the vesicle three zones or layers are found. The external 
one is similar to — in fact, on the posterior surface is continuous with 
— the thin external layer mentioned in the proximal portion. The 
second zone, comprising more than half of the entire thickness of the 
wall, is com(K>sed of cells apparently of the same nature as those 
described as forming the chief portion of the wall of the proximal part ; 
bat the layer is considerably thicker here than there, and on the whole 
**ther more compact (e'th., Figs. 10 and 11). The third and most 
internal zone is a deeply pigmented one (pig.). This pigmeut is so 
dense that when destroyed no distinguishable structure remains. In 
the presence of this pigment the species now under consideration differs 
e ^tirely from P. Douglassii, where no pigment in this region is found. 
Again, however, attention is called to the fact that great importance 
CMinot be attached to the presence or absence of pigment. Figure 1 1 
•bows the relation between this vesicle and the proximal portion of the 
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is much larger here than in Phrynosoma, and the vesicle cun scarcely 
be said to be embedded in the connective tissue of the brain roof, 
as in the case of Phrynosoma, but rather is suspended from the under 
side of the wall in a connective-tissue capsule. 

The most striking features about tfiis vesicle, as seen in the section, 
are its dorso-ventral flattening, and the entire separation of the lens 
from the retina. The lens, a well defined structure, composed of much 
elongated, almost fibrous, non-stainable cells, has its margins widely 
separated from the retina, and the intervening space is occupied by a 
uniformly fine granular substance (cog.T), which also occupies the nar- 
row space corresponding to what would be the cavity of the vesicle, 
were the lens and retina continuous at the margins of the former. The 
retina shows no structure beyond two deeply pigmented layers, cor- 
responding to its external and internal surfaces, connected at short but 
irregular intervals by pillars of pigment, between which are seen a few 
scattered nuclei. This distinct separation of the margins of the lens 
from the retina is the only undoubted case of the kind, so far as 1 know, 
that has been seen, and if normal may be of significance in connection 
with the theory of the origin of the eye recently advanced by Beard 
f 89). I am, however, inclined to believe, notwithstanding the fact 
that the condition here found is apparently confirmed by the sections 
of my second specimen of this species, that the separation is in reality 
due to the extreme differentiation of the two structures, by means of 
which the connection between them was weakened, and then to artifi- 
cial rupture by the flattening of the vesicle. The point certainly needs 
confirmation in more carefully preserved specimens. 

I was unable to study the epiphysis in the material which I had, but 
no trace of anything like a nerve or even like a connective-tissue string 
extending from the parietal vesicle could be detected, nor were there 
any indications of blood-vessels or sinuses corresponding with those 
©listing in Phrynosoma found here. 

Conclusions. 

The general bearing of the facts here presented I discuss at present 
ot *ljr in connection with the question of the function, past and pres- 
etJ t> of the parietal organ. I concur in the opinion held by most of 
*h© persons who have written on the subject, that the organ is a de- 
sperate eye, although my observations furnish, perhaps, no evidence 
111 addition to what has been presented by former writers, in support 
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It seems to me that Leydig has not given sufficient prominence to 
the possibility, not to say great probability, that the nervous connection 
has been lost bv the modification and degeneration which the whole 
structure has certainly undergone ; and especially must we hesitate in 
rejecting this explanation, when w r e remember that by so doing we are 
compelled to seek another. To be obliged to ascribe a function other 
thau that of vision to a structure entirely like an organ of vision in 
most of its essential parts, and differing widely from one in no essential 
point, is requiring us to accept a conclusion that would throw suspicion 
on all our morphological reasoning. Should it be shown conclusively 
that the vesicle never has, in any vertebrate, either in the adult or dur- 
ing its ontogeny, nervous connection with the brain, then we should be 
obliged to abandon the optical explanation of its origin, and turn to 
the exceedingly difficult task of finding another. But until such 
knowledge is at hand, it seems to me we must suppose that the organ 
was produced as an eye, that in some way entirely unknown to us it 
lost its optical function, and that, in the consequent modification and 
degeneration, the optic nerve degenerated more rapidly in some cases 
than did the optic vesicle ; and that in this way the separation which 
we now find took place. 1 

In previous discussions of the nature and function of the parietal 
organ, I believe sufficient attention has not been given to the structure 
and development of the epiphysis and its relation to the parietal ves- 
icle, and especially its relation to the so-called choroid plexus. I have 
designated the entire structure found in connection with the roof of the 
thalamencephalon as the epiphysis ; but, as already said, I have consid- 
erable doubt as to the wisdom of so doing. For the sake of precision it 
would seem best that the term epiphysis should be limited to the 
structure which arises as an evagination from this portion of tho brain. 
Certain it is that the large blood sinus which I have described as a part 
of the epiphysis in Phrynosoma cannot be regarded as forming an essen- 
tial portion of the structure, and I think it quite possible that what I 
have called the epiphysial vesicle is not a portion of the epiphysis, should 

1 Concerning the nervous connection between the eye and the epiphysis in 
Anguis fragills, Strahl and Martin say ('88, p. 1">4), " Per Nerv der nach hinten 
mm Vorderrand der Epiphyse scheinbar verschwindet, tritt von unten her in das 
Auge ein." Francotte ('88, p. 782) also describes essentially the same condition 
in this species. But such a condition would be so anomalous that C. K. Hoffmann 
(*88 t p. 1901), notwithstanding the agreement of these independent statements, 
has, it seems to me with reason, expressed doubt as to the trustworthiness of the 
observations. 
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able that they have all observed the same structure. Whether or not 
any portion of the epiphysis as I have found it in Phrynosoraa cor- 
responds to the paraphysis of Selenka, or the ependyma of Hoffmann, 
can of course be determined only by studying the development of this 
portion of the brain. 

Bearing in mind the highly vascular condition of all parts of the 
parietal organ, the numerous large blood-vessels surrounding the vesicle 
in P. Douglassii, and the great sinus in the same region in P. coronata, 
the sinuses of the epiphysis in both species, as well as the great quan- 
tity of blood contained in the much folded anterior wall of the epi- 
physis, it seems to me impossible to escape the belief that, in this genus 
at least, the organ must have some physiological significance. Leydig 
('89) has expressed the opinion that it belongs primarily to the lymph 
system. From what has already been said, it is evident that I cannot 
accept this conclusion ; but it does appear to me highly probable that 
the structure has become secondarily of such a character. From the 
numerous instances of change of function in the animal organism to 
which attention has been directed by Dohrn ('75), Kleinenberg ('86), 
Lankester (MO), Weismann ('86), and others, there are certainly no 
a priori objections to such a view, and it seems to afford more nearly a 
satisfactory explanation of the present condition of the organ than does 
any other. 

Cambridge, August 15, 1890. 
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All the figures are camera drawings excepting where otherwise indicated in the 
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